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PREFACE 


This paper is the first of a series of studies of mineral policy 
problems to be published by the Division of Mines of the Ontario 
Ministry of Natural Resources. Subsequent studies will deal with 


barticulac issues on a commodity or topical basis. 


AS this paper introduces the series, it provides, in addition to _ 
the treatment of the impact of provincial taxation and of 
environmental legislation, some broad background information on 
the development of mining in Ontario, as well as on the political 


economy and the analysis of mineral industry policy. 


This paper is released as the first of a series of data compilations 
and professional analyses of the mineral industry of Ontario 
prepared by the staff of the Mineral Resources Branch, Division of 
Mines, Ministry of Natural Resources. It is recognized that the 
available data for meaningful economic analysis within the 

mineral field is limited and sometimes difficult of access. Further 
studies will attempt to assemble and analyze data on specific 
commodity areas of the Ontario mineral scene, such as Iron Ore, 


Uranium and Zinc, etc. 


It is in the nature of our political process that issues are debated 
at various levels. The general reader - and we hope that this 

will include some of our high school students, the next generation - 
can obtain a solid grasp from Chapters I through V and IX. An 
audience interested in probing deeper into some technical issues 

may do so by working as well through Chapters V, VI, VII and VIII 
while professionals in the field of resource economics may get 


added satisfaction from the mathematical appendices B, C and D. 


If publication of the series contributes to the public's under- 
standing of and interest and participation in mineral policy debate, 


we shall consider the enterprise to be worth while. 


MJ Jewett 
xecutive Director 
Division of Mines 
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FOREWORD 


In the recent past mineral resource policy has been in the 
focus of public attention and public debate as never before. The 
body of technical expertise which sufficed to settle points of 
detail which were discussed in the past failed when fundamental 
questions of policy formulation were re-opened in the wake of the 
decline in health of the mineral industry. The situation came to 
resemble the picture once drawn by the late Frank S. Meyer: "Like 
a bevy of old wives congregated about the bedside of a suffering 
patient, every pundit presses his own nostrum, each directed towards 
a conspicuous symptom; and, as the chatter rises, it drowns the 
voice and crazes the mind of everyone attempting to assess the 
underlying malady which creates the symptoms." * 

The first steps necessary to restore productive dtalogue 
are to cut through emotion-filled verbiage by specifying key 
definitions and terminology on the basis of realistic assumptions, 
then to develop an industry model to facilitate analysis of policy 
impacts and to carry out such analysis to the extent the available 
data base allows. The Ministry of Natural Resources dectded to take 
these steps using outside consultants as well as in-house capability. 
tie -tesult Of Cur“anitral efforts is this pilot study, the heart 
of which is a possibly unique model of Ontario's mining industry. 

Through this model are traced the impact of changes in taxation 
and in environmental legislation, the key policy tools which the 


Ontario Government uses to influence mineral resource activities. 


IV 


The analysis takes into account that most of Canada's and of 
Ontario's metallic mineral products are sold on world wide markets 
where price is determined by the forces of supply and demand. 
Historically, price levels have risen and fallen, sometimes 
dramatically. Wo government poltecy ean change overall trends in 
metal prtces other than for very brtef pertods. 

A new departure was also required in communications. To get 
miners to talk to economists, and vice versa, concepts basic to an 
understanding of the mineral sector had to be made plain to the 
latter and simple economic concepts explained to the former. To 
get the public to listen to and to interact with either group, the 
range of issues involved in policy formulation had to be presented 
in a form that could be understood by all. The presentation thus 
proceeds at different levels in pursuit of these objectives. 

Reaction generated will be a measure of success of that experiment. 

We hope that this will constitute a stgnificant step tn moving 
publte debate on a controverstal subject from exchanges of generalitte 
and badly substanttated assertions onto a ftrm basts of sound theory 
and soltd faet - and not only in Ontario - as well as contribute a 
little to a bridging of the gulf alleged to yawn between theory and 


practice. 


* Frank S. Meyer: In Defense of Freedom: A "Conservative (Credo, 


Regnery; Chicago; 1962 p. 14. 
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ioe INTRODUCTION 


For thousands of years government has interacted with 
private industry as a regulator and taxer, but even today very 
little is known about the impact which taxes and regulations have 
on the decisions of the firm and industry to produce output, employ 
labour and invest capital. The purpose of thts study was to develop 
a model of ftrm and tndustry behavtour and to apply tt to the study 
of the mtneral tndustry of the Provinee of Ontarto. The model, 
developed in Chapter V, is then used to analyze the impact of 
profits taxation (Chapter VI) and of environmental legislation 
(Chapter VII) on the individual mining firm and the mining industry 
Of the Province of Ontario. 

Today there is much concern and debate in the mineral policy 
field over future resource adequacy, environmental effects of 
Mineral industry activities and the current contributions of the 
industry to the public purse. We shall assume as given that 
it is in the public interest that the mining industry continue to 
remain healthy for its contributions as an employer, a major 
generator of foreign exchange and public revenue and as a pioneer 
developer of the remoter and poorer parts of the country. With the 
end thus given, the questions remaining are questions of efficacy 
of means and as such are placed outside the realm of opinion and- 


within that of technical economics. 


Vee 


Joseph Schumpeter suggested that a comprehensive analysis 
of an economic condition in a society consists of two complementary 
but distinct elements: the theorists view of the basic features 
of the conditions of society and what is important and what is not, 
and the analysts' technique or mental apparatus which suggests 
propositions or "theories". From the latter, then, he may make 
clear what changes may well be sought. et This view points 
immediately to the solution of a crucial problem in public policy 
debate - how and by whom the validity of a comprehensive analysis 


is established - and this in turn provides the justification for 


the particular form of this presentation. 


Any comprehenstve analysts may be challenged on three counts: 
the realtsm of its assumptions, the logic of the unalysts, and the accuracy 
of tts predicttons. 

The theorist's view of basic features of the system - 
here the mineral economy of Ontario-yields the assumptions which 
underlie the analytical apparatus, the theory proper. These cover 
not only the distinction of what is and what is not important for 
incorporation in the model but also the nature of the basic concepts 
entering it. These assumptions can be stated verbally and are thus 
open to debate by any economically and politically literate layman. 
The logic of the analysis, or of the model proper, on the other 
hand is usually a matter requiring some technical competence. As 
the rigour of a specific model of a complex problem is in today's 
economics established mathematically, this aspect of the analysis 


can only be challenged on mathematical grounds, which somewhat 


limits participation in that aspect of debate. Challenge pro- 
ceeding from alleged inaccuracy of prediction is unfortunately 
rarely feasible in economics. As controlled experiments are 
impossible, events will usually be influenced by some factors 

that were left out of the model. Problems of data adequacy make 
quantitatively accurate prediction difficult in the first place, 
and the lag between policy recommendation and result would make 
such verification practically moot, even if it was possible. Debate 
of the analysts thus can proceed on two levels: prtmartly among the public 

on the realtsm of assumptions and primartly among economtsts on the structure 


of the model. 


Naturally, there will be cross-currents. Technical analysis 
may force abandonment of some assumptions or the introduction of 
unrealistic ones on an "as if" basis. This need not matter 
greatly, as long as appropriate allowances are made when policy 
recommendations are elicited from the conclusions. On the other 
hand, the public may want to discard some of the conclusions of 
expert analysis on the grounds that their implementation might 
conflict with more highly valued preconceptions which had been 
left outside the scope of the economic analysis. However, in 
neither case would the analysis itself be invalidated. In the 
first case, greater prudence in policy formation would be indicated, 
in the second case the analysis would provide a basis for assessing 


the opportunity cost of extra-economic, normative, elements. 


In terms of Schumpeter's dictum, mineral policy debate - 
not only in Ontario - has proceeded in a vacuum. There were many 
good papers on particular aspects of mineral economics, but no 
comprehensive analysis. Economic analysis of environmental 
legislation was non-existent. This does not imply any criticisms. 
As long as the impacts of dtreet government actton upon the tndustry were 
small in relation to other tnfluences, such as for instance, world metal prices, 
there was no need for a comprehensive analytical effort. Today's masstve level 
of tnteraction, however, does require it. In the past, when tax levels 
were fairly low and rate changes quite small, taxation studies 
dealt mainly with direct revenue effects and ignored effects upon 
industry structure and profit levels. Under the circumstances 
such neglect was perhaps justified. Other studies dealing with 
multiplier effects and input-output relationships on the macro- 
level dealt only in aggregates and their results where in their 
applicability limited by this approach. In economics aggregates 
do not directly react upon one another and statistical correlation 
is no proof of causal correlation. Such macro-approaches therefore 
Were valid only to the extent that ceteris paribus conditions did 
not change and that aggregation problems did not enter. In other 
words, to the extent that we could assume that people would not 
change their decision pattern and that we did not have to worry 
about adding apples and oranges, conventional macro-analysis was 
adequate. 

Today we know that in many jurisdictions industries have 


virtually died out in the wake of massive changes in the parameters 


determining their performance. Well known examples are coal 

in Western Europe, shipbuilding in the U.S.A., aircraft 
manufacturing in Great Britain. Changes under discussion with 
respect to mining taxation and environmental controls in Ontario 
today are potentially likely to affect relative returns to 

capital and operating constraints to a significant extent. 
Decisions, which are always made by utility - maximizing individuals, 
will change and peculiar characteristics of particular commodities 
or regions may have to be considered. The comprehensive analysis 
required thus also demands a new approach to mineral economics: a 

model that butlds from solid mtcro-foundations up to the analysts of poltcy 


effects upon tnvestment dectstons and output, revenue and employment levels. 


To sum up the basic concerns that led to this study we 
may say that changes in order of magnitude in government-industry 
interaction generated a demand for a comprehensive analysis and 
that these same changes required an approach which is new to this 
kind of problem. The assumed desirability of broad-based national 


debate leads to the particular form of this presentation. 


In the following, Chapter II provides the background from 
which to view the problem in perspective. Chapter III acquaints 
the non-technical reader with some terms and principles of mineral 
economics and with the assumptions entering the analysis proper. 
Chapter IV discusses some facets of government-industry inter- 
action relevant to the sector, that is the institutional constraints 


to policy making which co-determine what have to be parameters 


and what have to be variables in the analysis. Chapter V develops 
the basic model. In Chapter VI the effect of changes in profits 
taxation, the only kind significant for the Ontario mining industry 
today, are traced and in Chapter VII those of changes in environmental 
constraints. This aspect is not yet exhaustively developed in as 
far as the analysis of ambient controls could not be incorporated 

at this stage. Further work on undeveloped aspects is planned for 
the future. Chapter VIII discusses problems of data adequacy and 
the preliminary empirical results. Chapter IX summarizes theore- 
tical conclusions, indicates policy implications and suggests lines 
of further government - industry - public dialogue and of further 
research. Appendices cover some supplementary material, and provide 
detailed mathematical derivations for Chapters V - VII as well as 


the empirical data used. 


Footnote: 
(1) J.A. Schumpeter: Ten Great Economists, Oxford - Galaxy, 


1965, p. 268. 


II ONTARIO'S MINING INDUSTRY 

It is not the purpose of this chapter to present massive 
historical statistics. They are available - alheit thus fiar in raw 
and dispersed form only - in the annual volumes of The Canadian 
Minerals Yearbook, published by the Department of Energy, Mines 
and Resources in Ottawa, of the Ontario Mineral Review, published 
by the Ontario Ministry of Natural Resources, Toronto, and of the 
Canadian Mines Handbook, published by The Northern Miner Press 
Limited, Toronto and from annual reports of mineral industry firms. 
Rather, it is intended to provide broad descriptive interpretations 
of the data from these and other sources to highlight facts and 
problems relevant to policy making from the economist's point of 
view. 

As, however, many of the raw data sources are not easily 
accessible to readers, some key series - mostly derived from 
Ministry sources - which form the base for Figures 1 - 4, have been 
reproduced in Appendices E 1 through E 4. It must be stressed, 
however, that these Appendices still represent raw data, requiring 
much checking against and reconciliation with similar series from 
other sources. Development of a reliable historical data base is 
one of the projects now under way within the Ministry and this will 
be made public when completed. At such time, much more detailed 
analysis of historical trends can be carried out than the overview 


undertaken below using the currently available data. 


Development and History: During the early stages of its 


history, Canada's economy was characterized by the dualism typical 
of the development of similar areas: subsistence farming and the 
export of goods for which "finding" was tantamount to production = 
fur, fish, lumber and precious metals from placers or outcrops of 
highgrade veins. As most of Southern Ontario is overlain by 
mesozoic and paleozoic sediments, mineral discoveries in Ontario 
on the whole began rather late, many of the first and some of the 
major ones occuring during railway construction through the 
Precambrian Shield areas of the Province. In 1846 the Bruce copper 
deposit was discovered and silver was reported from the vicinity 
of Thunder Bay, in 1866 the first gold was found near Madoc and in 
1883 the copper-nickel ores of Sudbury were discovered. 

Although not directly related to the growth of metal mining 
in the twentieth century, mention should be made of the fact that 
there was some iron ore mining activity in Ontario throughout the 
nineteenth. This centered around a number of magnetite deposits 
in the south-eastern and of bog-iron deposits in the south-western 
parts of the Province. It formed the basis for a number of local 
subsistence smelters and foundries. The Helen, Magpie and Moose 
Mountain mines as well as a few smaller ones produced iron ore 
from 1904 to 1926 but then there was no iron ore production for 
about a decade and a half while the young Ontario steel industry 
had to import feed from the U.S.A. 

In economic terms, the rush or boom phase of a new country's 
mineral industry development may be explained as follows: As long 


as both people and capital are scarce, only the discovery of a 


mineral occurrence that can be turned into a valuable commodity 
with a small amount of labour and investment will attract attention. 
The apparent magnitude of the return tO labour - once a strike has 
Heen reported) — attracts, large numbers of people, and the rush is on. 
However, many expectations are disappointed, and as labour in the 
typical early boom camp was usually quite immobile, the relative 
price of labour declined drastically. As a result, capital is 
attracted and if deposits extend to depth a conventional mining 
camp grows. Around it either a viable community develops on a 

more diversified economic base or the camp may turn into a ghost 
town if the mineral resources base is too small. 

The first precious metal "booms" in Ontario, near Eldorado 
in Hastings County in 1866 and in the Lake of the Woods area in the 
late seventies and early nineties as well as the Silver Inlet 
discovery in Lake Superior in 1868, did not lead to the development 
of viable communities, and the future of some other areas was far 
from certain. The major precious metal camps in Ontario only came 
in after the Sullivan ae in British Columbia was well established 
and after the Klondike rush had passed its peak in 1900: 1903, 
Silver-cobalt at Long Lake (Cobalt); 1906, gold at Larder Lake; 
1908, gold in the Porcupine area; 1911, gold at Kirkland Lake and 
1925, gold near Red Lake. This was the end of developments 
essentially uninfluenced by any kind of active mineral policy. 

The 1930's saw three actions which were to affect Ontario 
Mining profoundly. In 1934 the United States froze the gold price 


at $35 per ounce. Although this was counteracted to some extent 


in Canada by the Emergency Gold Mining Assistance Act which came 
into force in 1948, the long run effect on gold mining activity 

was depressing. In 1936 an amendment to the federal Income Tax Act 
exempted new producing metal mines for three years. This was a 
powerful incentive, but it was recently revoked and replaced by 
other provisions. In 1939 Canadian base metal producers agreed to 
supply the Imperial Government with copper, lead and zinc at fixed 
pre-war prices and the industry was put on a war footing. 

Iron ore shipments from Steep Rock Lake commenced in 1944- 
although the existence of an orebody under the lake had been 
predicted in 1897, 1902) and 1925. 3 in281953  thewle@ad=2incedepoc ies 
at Manitouwadge were discovered, 1956 saw the beginning of large 
scale uranium production at Blind River and 1969 was the year of 
the zinc-silver discovery of Texasgulf at Timmins, the most 
Significant base metal discovery in Ontario since Sudbury. 

The relevant economic changes, which accompanied these events 
but to which precise dates cannot be assigned directly, may now be 
outlined. Although time series in Appendices E 1 through E 4 begin 
in 1900, Figures 1 - 4 plot data beginning in 1906 and regression 

lines were also calculated beginning in that year. This was done to 
eliminate, statistically, the influence of the very first years of 
rapid but erratic growth. 

Figure 1 shows levels of average annual direct employment 
in Ontario metal mining (this equals man-years worked) and annual 
physical output in tons of ore hoisted as well as the trend lines 


fOr, both Seniase Note that both series shown in the graph combine 
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precious and base metal data. The first thing to be noticed is 
that while tonnage increases at an increasing rate, employment 
increases at a decreasing rate. Secondly, during both world wars 
rapid growth during the first years was more than offset by decline 
during the last years. Thirdly, although declines during the 1920- 
21 recession and the 1929-32 depression clearly show, the years 
between 1922 and 1929 showed healthy recovery and between 1932 and 
World War II the most spectacular growth up to that time occurred. 
The industry recovered in the late forties and in the fifties from 
the past World War II slump, the decline of the early sixties in 
both employment and physical output ended in a remarkable recovery 
as far as output was concerned while employment trends continued 

to decline. 

If we look at the data series disaggregated into precious 
and base metal mining in the Appendix, it may be noted that 
precious metal mining generally employed more persons than base 
metal mining from 1921 to 1950 and that prior to the second war 
during recessions precious metal mining showed increased and base 
metal mining decreased activity. This accords well with what would 
be expected on the basis of Austrian cyclical theory; there may be 
a lesson here for the future. As regards the relation of physical 
outputs of precious metal mining to base metal mining, the ratio 
increased from about .01 to 1 from 1904 to 1918-19. Until 1940 
the ratio fluctuated, generally remaining above 2 and going almost 
to 9, then declining steadily to .06 in 1972. The inter-war years 


were thus the great ones for precious metal mining while over the 
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last three decades the dominance of base metal mining steadily 
increased. 

Figure 2 shows aggregate annual wage and salary payments and 
aggregate annual gross value of production in terms of 1961 dollars. 
The difference between right and left hand scales should be noted. 
It is immediately apparent that the two values on the whole have 
moved together with remarkable consistency. Two caveats should 
be registered, however. Annual wage and salary payments as shown 
reflect only direct labour costs. To the extent that during the 
period shown the relative proportion of indirect wage and salary 
payments rose, a trend corrected accordingly might be expected to 
lie above the one shown and to rise somewhat more steeply. 
Aggregate gross value of production, on the other hand, is based 
upon metal content of ore mined and a variety of quoted metal price 
averages. The curve allows neither for processing losses nor for 
differences of long-term contract prices from spot prices, a 
corrected curve might be expected to lie below the one shown. Any 
judgement about relative effects upon extraction efficiency of 
improved technology and declining grade would be premature at this 
stage, thus no opinion as to the slope of such a corrected curve 
is hazarded. More detailed work on these problems is planned for 
the future. 

Again, considering the precious metal and base metal series 
separately, we see that aggregate salaries and wages were quite | 
close until 1920, when earnings in precious metal mining pulled 


ahead of those in base metals until the end of the second war. 


Since then, there was a steady decline in precious metals, 
accelerating sharply in 1960, while there was spectacular rise in 
the base metals, interrupted, however, by two major reversals 
bottoming out in 1964 and 1969. Changes in output composition, 
considered in value terms, paralleled those in volume terms discussed 
above although it may be noted that on the whole precious metal to 
base metal ratios were larger in value terms than in volume terms 
from 1906 to 1915 and smaller thereafter. 

Figure 3 shows the dramatic decline in average values of 
Ontario ores, resulting initially from exhaustion of the relatively 
small high grade precious metal deposits, the discovery of which 
triggered the boom phase of the first decade of the century; later 
the decline resulted from the shift in emphasis from precious to 
base metal mining. Against this must be viewed the relatively 
lesser decline in direct labour cost per ton. The same cautions 
as with respect to the data shown in Figure 2 apply. As in many 
other industries, decreasing per unit spread between labour cost 
and product value was offset - at least partially - by increases 
in volume that is because of economies of scale which are reflected 
in increasing average mine size. In precious metal mining gross 
values per ton declined from over 300 dollars in 1906 to just over 
10 in the late forties and then fluctuated around ten. In 
base metal mining they moved between 50 and 20 from 1906 and 1941 
and between 20 and 15 since then. Corresponding movements in 
wages and salaries were for precious metals between 40 and 90 


dollars between 1906 and 1911 to around 10 in 1915-16; they 
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declined to a fairly stable level between 5 and 6 since the late 
forties. In base metals wages and salaries moved between 10 and 
20 dollars from 1906 through 1919, then declined fairly steadily 
to around 3 in the late sixties. Increases in average mine size 
were of course far more substantial in base metal mining than in 
precious metal mining. 

Figure 4 shows the substantially consistent relationship 
between gross value per man year and average annual income of 
employees; that is between value productivity and return to labour. 
This occurred, we may speculate, in light of declining values per 
ton by offsetting increases in physical productivity (tons per 
manyear) through mechanization - higher capital intensity. The 
differences between trends of average annual incomes of precious 
metal mining and of base metal mining employees reflect geological 
realities which place limits upon the growth of mechanization and 
of economies of scale possible in typical veintype precious metal 
mining operations. 

After looking at the historical record, we may now attempt 
to generalize from it as well as from considerations covered in 
etner parts of) ithis report. 

Developments may be said to have occured in a logical 
sequence in four closely interconnected areas. The initial change 
was one in product which led to changes in the type of deposit 
primarily mined in the Province. Different deposits required 
different modes of operation and of technology in prospecting, 
development and production. These changes - together with con- 


current changes in the nature of government - industry relations - 
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led lastly to changes in dominant modes of financing and in industry 
structure. While anything but a broad brush review of these areas 
of change would exceed the bounds of this particular study, a 
detailed and documented account should present a worthwhile 
challenge to an economic historian. 

The product change that was the cause of all others was 
from precious metals to base metals or, generalizing further, a 
continuing decline in the value to volume ratio of ore mined, as 
Mining activity in any particular sector was characterized by 
continuing shift from higher to lower grade ores. There was, 
however, a slight reversal of this trend in the sixties which may 
be considered a strictly temporary phenomenon. As regards type of 
deposit, the concurrent shift was from veins to disseminated type. 
And whereas in the beginning prospectors looked for outcrops, today 
deposits are found under thick overburden. Prospecting moved from 
labour intensive work on foot to highly capital intensive geophysical 
and geochemical methods, in the initial stages often airborne and 
covering large tracts in order to narrow down target areas for more 
intensive investigation. This in turn required control and staking 
of large areas. As the value to volume ratio decreased, the 
average size of mines increased. Even twenty or thirty years ago, 
300 to 1,500 tons per day were common mine sizes while today the 
normal is 3,000 tons per day and more. The individual miner 
working with jackleg, scraper or mucking machine, and ore train 
was largely replaced by drill jumbo and scooptram operator. The 


value of his equipment increased from several hundred or at most 


a few thousand dollars to many tens of thousand, even over a hundred 
thousand dollars. Open pit technology went underground. Mill 
size and complexity increased as well. These changes, which spelled 
increasing capital requirements and longer lead times from discovery 
to production, were in their ultimate effects upon mine financing 
and industry structure reinforced by concurrent changes in the 
labour market and in the role of government vis-a-vis the industry. 
With increasing secondary industry development, opportunities for 
work in southern urban centres improved. The level of wealth 
transfers increased across the country. Northern mining 
communities became relatively less attractive. Immigration fell 
off due to increaSing prosperity in Europe. Minimum wage legislation 
was passed and levels of unionization rose. A decline in the labour 
supply to the mineral sector became noticable and marked increases 
in labour cost resulted which were partly offset by increased 
mechanization. Federal and provincial tax levels, primarily on 
profits, increased although the tax treatment of the industry on 
the whole compared favourable with other jurisdictions. However, 
there was no capital gains tax. The final result was one of the 
most highly capital intensive industries in the Province, financed 
to an increasing extent by internally raised capital and borrowing 
rather than by new stock offerings. 

Products and their Markets: Data highlighting the most 
important facts regarding the role of Ontario metallic mineral 
products in Canadian foreign trade are given in Appendices E 5 through 


E 7. All figures are for 1973, the latest available, and are in 


current dollars. 


Ontario exports about 37% of the ores and concentrates 
exported from Canada. Nearly 39% of all Ontario ore and concentrate 
exports are accounted for by nickel exports to Europe, which 
receives 54% of all Ontario and 36% of all Canadian ore and 
concentrate exports. Ore and concentrates exports to-the United 
States were 30% of all Canadian and 384% of all Ontario exports of 
ore and concentrates. Total exports of refined metals, alloys and 
semi-fabricated shapes and basic products from Ontario were in 
value about 40% higher than exports of ores and concentrates, the 
comparative figure for Canada being about 13%. In this category, 
about 60% of total Ontario exports go to the United States and 
about 18% to Europe, while about 61% of total Canadian exports go 
to the U.S.A. and 232 torburope. 

Metallic mineral sector products amount to about 17% of all 
exports both on a provincial and on a national basis. If we compare 
values of exports with gross values of production, they amount to 
121% on a provincial and 112% on a national basis. While in these 
figures the share of ores, concentrates and scrap are 50% and 52% 
respectively, the shares of further processed categories are 71% 
provincially and 59% nationally. 

Generalizing broadly we may say then that processing beyond 
the concentrate stage is being carried further in Ontario than in 
the rest of Canada. The United States is clearly a more important 


trading partner for Ontario (80% of all exports) than for the rest 
of Canada (57% of all exports). Of total exports to the United 


States ores, concentrates and scrap amount to 7%, and to 11% 


for the rest of Canada. 


Taxes and Environmental Legislation: It is not intended 


here to anticipate either the arguments of Chapters VI and VII or 
the empirical analysis of Chapter VIII. There are, however, some 
points pertaining to the distribution of the yield from mineral 
wealth on which misconceptions abound. In today's climate of 
Opinion<it, is; popular to speak of thevshare Of the peoples, tena teie 
the proportion of the yield collected by government, generally in 
the form of taxes. 

The Provincial government collects mining profits taxes, 
mining acreage taxes, some royalties, recording fees and miners' 
license fees, revenue from mining leases and sales of mining lands, 
while the Federal government collects primarily a corporate profits 


2) 


tax. The extent to which personal income taxes - whether on wage 
and salary or on investment income - should be included in the 
peoples' yield from mineral wealth is still subject to considerable 
debate. Against this should be viewed the share going to investors, 
that is dividends. It is sometimes suggested that the investor 
also has the option to sell his shares, that is to capitalize his 
future income stream, that he has thus an additional source of 
income from mineral wealth, at least to the extent that his share 
value has appreciated. It should be noted, that this option is, 

at least theoretically, also open to government. But although tax 
farming has been out of favour and not been practiced for some time 
in the developed Western nations, there is no compelling reason 

why some form of lump sum payment in lieu of taxes may not be 


seriously debated. 


If we define the sum of taxes collected directly from 
corporations (for the present purpose excluding personal income 
taxes) plus dividends paid to shareholders as, say, the net yield 
of mineral resource activity, then it appears that the distribution 
of that net yield between "the people" and the owners of Capital 
has been quite different from what it frequently is alleged to have 
been. The results of some preliminary case studies and of some 
Statistics Canada data have been plotted in Figures 5 and 6 to 
illustrate this point. The two companies selected both conduct the 
bulk of their operations in Ontario. Both are well established. 
INCO is a good example of a large, diversified corporation while 
Campbell Red Lake may be considered representative of a small, 
single mine corporation. In the figures, axes have not been 
calibrated at this stage, to avoid giving an impresseion of non- 
existent accuracy. However, the relationships may on the whole be 
considered reliable. 

From Figures 5a and 5b it is apparent on the one hand that 
taxes fluctuate more than dividends and that taxes per share have 
been rising steeply since 1971. INCO, over a 10 year period, paid 
about 55% of total yield - as defined above - in dividends and 45% 
in taxes while for Campbell Red Lake these percentages were the 
reverse over an eight year period. Figure 5c indicates that for 
all Canadian metal mining dividends generally fluctuate around 7% 
of equity annually and taxes between 24% and 5%. The apparent 
difference in distribution of yields may probably be attributed 


primarily to the facts that the all Canada figures include many 
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FIGURE 5 (CHAPTER II) 
RETURNS FROM METAL MINING TO SHAREHOLDERS 
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operations less successful than INCO and Campbell Red Lake and that 
they include as well quite a few mines operating in their three- 
year tax-free periods (a provision that has been abolished). 

Figure 6, again based upon the preliminary INCO case study indicates 
(the fit of the staight time regression lines shown was not good 

at all) that at net earnings below about 110 MM S"s dividends are 
usually higher than taxes while at net earnings above about 150 

MM $'s taxes generally exceed dividends. 

At the least then it appears on the basis of preliminary 
studies that shares of "net yield" going to owners and to non- 
owners of capital have been much closer than has been generally 
supposed. 

Major comprehensive Federal legislation pertaining to the 
environment was enacted in 1970 (Canada Water Act) endjin 1971 
(Clean Air Act). Major Provincial Legislation is embodied in The 
Environmental Protection Act (1971) and The Ontario Water Resources 
Act (1970). There are many provisions for the protection-or the 
environment incorporated in other Provincial Acts, such as The 
Mining Act, The Petroleum Resources Act, The Public Lands Act, The 
Drainage Act, The Highway Traffic Act and others. In-practice 
implementation of procedures and setting of standards under the 
major Federal Acts are carried out by agreement between Federal 
and Provincial Authorities, and enforcement is generally in the 
hands of the Provinces. 

The industry has, however, carried out work directed at 


environmental protection, both inside and outside their operations 
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for many decades. Hollinger Mines at Timmins, for instance 
pioneered 30 years ago the re-vegetation of tailings dams which 


today are used for recreation. 


FOOTNOTES 


af ; ; : ‘ 
) In this and the following figures with the exception of one 


straight line trend, data were fitted to parabolic curves which 
gave on the whole satisfactory fits (i.e. Rove larger than 290); 
More work on trend line analysis is planned after time series have 
been verified and further disaggregated. 

2) Apparent discrepancies between the subsequent comments, some 
Appendix E data, and analysis of Chapter VIII, based upon the 
latter, are due to the fact that here Federal corporate taxes 

are included while for the analysis of Chapter VIII only Provincial 
Mining taxes and Provincial Corporate Income Taxes were used. 
Federal Corporate Taxes are generally calculated on a different 
base than Provincial taxes and data are difficult to re-allocate 
to Provinces in a way that could make them commensurable with the 


Provincial data for present purposes. 


EEE BASIC MINERAL ECONOMICS 


The mineral system, the object upon which mineral policy 
impinges, can be viewed as a series of activities that begin with 
unknown physical quantities in the ground and end with final 
consumption. Activities begin with an investment decision, based 
upon profit expectations and include exploration for and the 
discovery of minerals, followed by land acquisition, mine property 
development, production of crude ores and concentrates, and further 
processing into primary metals or the equivalent. These raw materials 
are either sold directly to consumers or fabricated and assembled 
into consumer products. Used materials are recycled at various 
stages of the system, and former mine sites and waste dumps are 
either rehabilitated or abandoned. At each stage, the state of 
available technology has a critical bearing on the economic efficiency 
of the operation and the ability to realize new development 
opportunities. 

The mineral industry, the institutional vehicle of mineral 
system activity, comprises firms engaged in one or more of the steps 
leading to the primary metal stage or its equivalent. In the 
production of primary mineral materials, the industry uses mineral 
occurrences, investment funds, manpower, managerial and technical 
know-how, and a host of goods and services from both domestic and 
foreign sources. Ontario's mining industry markets some 60 mineral 
commodities and many related primary products plus technological 


expertise in Canada and throughout the world. 


As a more fully integrated mineral system evolves, the 
industry will have greater impacts on the economy, regionally and 
nationally. It already generates income and employment directly 
and indirectly through links with other regions of the country and 
other sectors of the economy. Many communities - think of Timmins, 
Sudbury, Manitouwadge - depend for all, or nearly all their income 
on mining or mineral processing. Mineral - based activities - e.g. 
Hamilton's Steel Industry - influence non-mineral sectors by the 
purchase of goods and services and by providing raw materials to 
other sectors. Although a well developed mineral system within a 
domestic economy is not a prerequisite for regional or national 
development, the existence of one is indeed an important national 
asset. For example, virtually all railroad mileage built in Canada 
since World War II resulted directly from mineral sector developments. 

Much confusion and controversy in resource policy debates 
is due to lack of familiarity with basic principles of mineral 
economics. As they impose quite definite constraints upon policy 
formulation, the most important of these are summarized in the 
following. 

Mineral Economics like any other kind of economics rests 
ultimately on a specification on method, on one axiom, on one 
assumption on the nature of knowledge and on a limited number of 
implications and derivations of these basic concepts. Beyond this, 


agreement on definitions of basic terms is required. 


at 


As regards method the unit of analysts ts the tndividual. Only 
individuals make decistons - how much and what kind of work to engage 
in, how much to consume and how much to save and invest, what to 
consume and what to invest, how to respond to changing constraints 
to their behaviour. Aggregates, whether commercial (firms) or political 
(societies) are only sets of relationships between individuals, which have no 
existence apart from their members. If these relationships are 
institutionalized, the institutions again act only through individuals- 
directors or managers and representatives or officials. The study 
of aggregate behaviour - macro-economics- must thus rest squarely on the study 
of micro-economics; in the present context that means that the tmpact of 
mineral policy must be analysed ultimately on the level of tnvestors' and 
managers', resource owners' and product buyers' behaviour. 

The baste axiom, or action axiom, states that people act to substitute 
a more preferred for a less preferred state, or in other words, that they will 
try to minimize adverse and to maximize favourable effects of changes tn 
behavioural constraints. Changes in taxation policies lead to changes 
in investors'- and managers' - trade-offs between dividend and 
capital gains considerations; changes in regulations affecting plant 
operations, e.g. safety or environmental legislation, may lead to 
differential effects on firm profitability and to shifts in 
investment capital flows; changes in factor returns, profits and 
wages, lead to changes in factor employment, capital-labour 
substitution. 

As to knowledge, we asswne that no man can predict the future, and 
that different people have different knowledge gaps. The assessment of 


future performance of specific mineral industry projects depends 


upon knowledge of a host of details of time and place. This 

imposes severe limits upon any centralized agency to forecast the 
impact of policy changes in specific terms. Informatton, the 
aequtsttton of addittonal Cee nee 16 NOL Cosel lese 1and GLivdectetune 
have to be made in a world of rtsk and uncertainty, that is one 

where both objective and subjective probabilities have to be 

assigned to future events by industry and government decisionmakera sam 
Key Concepts and Key Problems 

Mineral Occurrence: 4A mineral occurrence ts an acctdent of nature, 
a piece of the earth's crust in which some element or small group 

of elements occurs in extraordinarily high concentration. Thus, for 
instance, the approximate concentration factors (multiples of the 
average amounts of given elements in the earth's crust) which 
characterize major Canadian deposits are 60 for average Ontario iron 
reserves (just under 30% Fe); 10,000 for the copper grade (2.42% Cu) 
produced in 1973 from Noranda's Horne mine; 15,000 for the zinc 

grade (4.53% Zn) of Geco's 1973 production and 350 for the average 
nickel grade (1.5% Ni) of INCO's current Sudbury production. 
Texasgulf's Ecstall Mine near Timmins produced from 1965 to 1975 26 
million tons from an exceptional orebody, characterized by 

concurrent concentration factors of 30,000 for zinc, 6750 for copper, 
1220 for silver and 560 for lead. 

Resources: Over a generation ago E.W. Zimmermann suggested that 

"the word ‘'resource' does not refer to a thing or a substance but to 

a funetton which a thing or a substance may perform or to an operation 


tn which tt may take part, namely the function or operation of 


attaining a given end, such as satisfying a want." Today we 
differentiate a little further and refer to final or consumer goods, 
intermediate goods or factors of production, and primary factors 

of production or resources. A resource ts thus typically an input 
to a production process which yields an intermediate good which in 
trade is usually referred to as a commodity. A resource cannot 
Satisfy a human want directly, it has to be combined with other 
factors of production and transformed in the process. Even water 

is only an apparent exception. In a modern economy it has to be 
processed and "packaged" as any other primary factor of production. 
Resources can be used for more than one purpose, but they are also 
substitutable for one another within wide margins. Primary factors 
of production are the natural resources proper — e.g. land, minerals, 
water, hydro-electric potential, etc., - capital, labour and 
entrepreneurship. Even they are not ‘manna from heaven': capital 
has to be saved out of income not spent on consumption; labour- 
human capital - has to be raised and trained and kept healthy; 
entrepreneurship has to be elicited through incentives; anda 
natural resource has to be identified and developed. A mineral 
occurrence is not a resource unless there is effective demand for 
one of its components at a price higher than that at which Lt can 

be produced. The preceding will make understandable Zimmermann's 
famous formulation: "Resources are not - they PTL eeutaes 
Scarcity: In any production process, the relatively scarce factor 
is the critical one, and that factor is - except under very unusual 


circumstances - capital. Everyone needs an income to stay alive = 


hardly anyone in the developed countries "needs" to consume all of 
it.for ‘physical «survival... Capital, sarising out ore i ncomesnot 
consumed, thus out of individual decisions alone, is the only 
"resource" that does not require the cooperation of others to come 
into being, it is the most basic one. As, on the other hand, capital 
can facilitate a large degree of substitution of other factors of 
production for one another, it is liable to be in greatest demand. 
Addition of any other individual factor to a production process 
always results eventually in diminishing factor returns and then in 
diminishing product, while more capital can always transform the . 
whole production function; therefore capital is generally the 
scarcest factor, the one whose supply is more important than any 
other to any industry and any economy, >! 
Orebodies: An orebody is a specific mineral occurrence that has 
been transformed into a resource through the application of capital 
resulting from an entrepreneurial decision. What is, and what is 
not "ore" depends on the market price for the product and the costs 
of factors of production. The limits of an identified orebody are 
determined by the cut-off grade, the mineral content at which 
recovery of the valuable components ceases to be profitable. There 
are no orebodies which are limited in all directions by a discrete 
boundary between highly valued ore and completely barren rock. 
Movements of commodity prices change cut-off grades. This expands 
or contracts the limits of an orebody in known border zones. Profit 
expectations, again influenced by commodity price movements, 


together with geological probabilities determine the level of 


exploration activity, that is the rate at which hitherto unknown 
limits of mineral occurrences are determined and new blocks of 

ground classified as ore or waste. Cut-off grade for current 
production is almost instantaneously responsive to price changes. 
Reserves are those parts of an orebody which have been delineated 

in detail through exploration and development work and which are 
profitably recoverable with present technology under current factor 
and commodity prices. The ore-reserves of a partteular mine are 

thus augmentable, those of the world, infinite. It ts potntless to 
identify reserves beyond a firm's or an industry's planning hortzon. 
It should be stressed that just as changes in costs and prices can 
"make" ore out of waste rock, they can, moving in opposite directions, 
turn valuable ore into waste rocks 
The Demand for Minerals responds like any other demand to changes 

in real prices. In anything but the very short run a rise will lead 
to the development of substitutes, such as the replacement of copper 
by plastics in plumbing, or to economies in use, such as the 
introduction of copper-coated conductors in power transmission. A 
relative decline in real prices will lead to new usages such as the 
introduction of nickel alloys into building construction for 
decorative purposes. In the short run, major users react to price 
changes primarily by adjusting levels of warehouse stocks. 

The Supply of Minerals adjusts to price changes in the short run 
through changes in production levels and cut-off grades of producing 
mines. In the long run certain types of deposits may shitt: back 


and forth between marginal and sub-marginal categories. Such are 


for instance the lateritic copper ores of the tropics in this 

decade or some quartz-conglomerates carrying zinc values which were 
developed in Western Europe during the '50's. 

It should be noted that long-run supply and demand for most mineral 
commodities are probably less elastic than for typical consumer goods. 
New mine developments as well as technical breakthroughs in production 
and usage require, typically, lead times of several years and 

pricing is generally more complex than for consumer goods. Large 
quantities are traded on the basis of long-term contracts. There 

are widely differing transfer prices between corporate units, 
vertically integrated to differing degrees. Transportation rates are 
individually negotiated for most transactions and products are traded 
at many different levels of processing. London Metal Exchange (LME) 
or other commodity exchange spot or futures prices thus can diverge 
widely from those at which the bulk of mineral commodities are 
actually traded. It should here be noted that application of, for 
instance, an LME price to total metal content of an ore hoisted, 
although grossly misleading in absolute terms, is defensible only 

for the statistical analysis of long run production trends or other 
correlations as long as carried out consistently. 

Of the four basic factors of production of the mineral sector, given 
orebodies are immobile - although potential ones are ubiquitous, - 
while capital, labour and entrepreneurship are highly mobile and 
substitutable for one another. Increases in real wages relative to 
capital costs quickly lead to increased mechanization. 


Reductions in profit expectations in one area lead to shifts of 


capital and entrepreneurship elsewhere as these two factors appear 
to be industry specific. A real shortage can, as in other sectors 
of the economy, only result directly from price and output controls 
(last year's energy crisis) or indirectly from interference with 
the supply of labour (decline of coal mining in Europe and the 
U.S.A.) or of capital (potential effect of some taxation policies) 
to the mineral sectors. 

Conservation: In a mineral economics context the demand for resource 
conservation today is based on the assumption that higher returns 
can be realized from a future than from a present sale. It is a 
demand to forego certain present income from a given asset for 
uncertain future income. That future income is usually estimated 
higher by the advocates of conservation who have no stake in the 
industry than by current resource owners who have such a stake. 


(5) 


In a recent paper it was demonstrated, that to induce a 
nation or industry to withold production for extended periods 
"would take some combination of an extremely low interest rate, a 
large expected price increase or cost decrease, and a very great 
positive effect of present output upon future cost". The authors 
calculated present values for fifteen mineral commodities, using 
different opportunity costs and interest rates, which would have 
made production holdback economically attractive for the period 
1900 - 1973. For example at a 3% discount, crude petroleum would 
have to sell today at $30.11 per barrel, gold at 51,006.63 per 


ounce, based on price expectations alone. These figures would 


increase to $429,000 per barrel and $37,163,672 per ounce 


respectively if the average rate of return before taxes in 
manufacturing is used as a discount rate, to have made stockpiling 
or non-extraction a viable policy option in 1905. The authors 
conclude: "It ts important to remember that productton occurs 
because resources held tdle yteld a lower return than employing 
resources tn the productton process. Stockpiling and productton 
holdbaecks are not vtable economte opttons for any extended pertod 
in a growtng soctety wtth a high dtscount rate." 

Environmental Protection: The analysis of environmental protection 
measures is closely tied to the concept of externality: the 
possibility of one economic actor transferring at least part of the 
cost of his activities to another. The demand for environmental 
legislation can thus have two sources. The first would be the 
desire to close externality loopholes to industry, to prevent the 
mining industry from imposing costs on others. The second would be 
the desire by othersto impose external costs upon mining firms 

by by-passing market processes to convert a resource to an 
alternative use, usually in the name of some social good. In 

both cases costs would increase for the mineral and decrease for 
other sectors. But whereas the first case would constitute an 
improvement of market process, the second would constitute an 
infringement, a diversion of factor-returns by a non-market process. 
An environmental measure directed toward the latter end would have 
the same ultimate purpose as taxation; differing only in form, 
trade-offs would appear to be logically Seta 


Lastly, we should not forget that demands for excessively low or 


even zero - toxicity of effluents from production processes may be 
considered excessive simply on the grounds that not even the human 
organism could meet such criteria - thus we breathe air with 21% 
oxygen and exhale it with 17% and we usually drink water with a few 
hundred ppm dissolved solids and release it with 20,000 ppm. 

Equity in Taxation: In the classical liberal view the role of 
government is so severely circumscribed that questions as to the 
equity of taxation hardly arise simply because the amount of revenue 
to be raised to finance it would be too small to sustain lenghty 
argument. Today many re-distributive functions have been added to 
that basic role, the tax-bite has become larger and the trading of 
charges of inequitable tax treatment has become all pervasive. It 
is felt however, that a discussion of equity in taxation is beside 
the point in the present context. It would only lead to a 
discussion of the equity of redistribution of factor returns by 
political processes or of the justice of markets. And such a 
debate - unless conducted on the highest technical level is only too 
likely to come to resemble medieval squabbles over a "just price = 
In a Canadian context it is often suggested that the problem can he 
side-stepped by accepting the principle endorsed by the Carter 
Commission that for taxation purposes "a buck is a buck is a buck". 
But this only leads into a different set of aifficulties. It would 
appear to deny, properly, the applicability of the principle of 
diminishing marginal utility of money in the sense of wealth aig 9 
general.'7)(while each additional unit of a particular, specific 


good gives me less satisfaction than the previous one, the marginal 


utility of additions to my real income stream - with which I can 
purchase any goods, including leisure - does not so diminish). 
Additionally, Carter's phrase raises rather complex problems in 
preventing double taxation: exactly at what stage of a buck's 
circulation is it to be taxed? When it is earned by an original 
investor, if and when it yields a return to the enterprise in which 
it is invested, when the return is paid out in dividends or when it 
increases the value of the investors equity, or when the original 
earner spends it? Or is it to be taxed at every change of hands? 
These few comments barely indicate the problems inherent in 
discussion of tax equity... To avoid political on moral discourses, 
which certainly have their place, we have here to accept governments' 
demand for revenue as well as the fact that for political reasons 
of whatever kind they have to be drawn from a variety of sources. 
The source of tax dollars we are interested tn ts the mineral 
tndustry and the problem ts crudely put, not to endanger future 
revenue, employment and output potenttal by changes tn taxatton and 
_other constratnts, the major one of which happens to be envtronmental 
control. 
Rent: A lot of heat is generated by the discussion of rent from 
mineral resources. Economic rent is most broadly defined as any 
return to the owner of a productive resource in excess of its 
opportunity cost, (the return it would yield in its most productive 
alternative employment.) Even at this level of generality, however, 
rent payments do have an allocative function - assuring that the 


factor is employed here rather than there, in its highest valued 


competing use, It must be emphasized that rent is not a phenomenon 
that is unique to land, or orebodies, but occurs with respect to 
all factors of production. Trying to introduce this highly 
theoretical concept into mineral policy debate raises two major 
problems. 

Firstly, it becomes important to decide whitch factor of 
productton is the eructal one that policy aims to attract or not to 
frighten away: whether it is the mineral occurrence or potential 
orebody, the entrepreneurship which transforms it into a known 
resource, or the capital which transforms that into a producing 
mine. It may be suggested that if geological knowledge were perfect 
and if known orebodies were highly specific and if relatively scarce 


capital were abundant, then re-allocation of rent to the factor 


orebody would not affect the amount of that factor in existence. As 
it is it appears that policy may better focus on the effects of 
"economic-rent control" upon the allocation of the relatively rarer 
and mobile factors entrepreneurship and capital to assure that they 
continue to 'turn moose pastures into mines' within the policy- 
maker's jurisdiction. 

But secondly, even if we accept the theoretical relevance 
of the rent concept with respect to mineral occurrences, this does 
not imply that rent can be objectively determined in any concrete 
case for taxation purposes. The value produced by a mine is a joint 
product of many factors. Any attempt to impute the contribution of 
any factor outside the market inevitably turns into a scholastic- 


normative fight over "just price" or "fair" returns to different 


factors of production. No improvement appears realistically 
possible over trial and error market processes. The terms under 
which they combine factors of production rest upon the subjective 
evaluation of rent components by actual or potential business 
partners, and putative rents are allocated prior to investment 
decisions. 

Market-structure: Most mineral products of Ontario - sand and 
gravel are the most important exceptions - are traded on world 
markets. No country can for long exploit apparent monopoly 
Situations as there is world wide competion by non-producers for 
capital and entrepreneurship to supplant current producers. This 
should be apparent from the preceding remarks on rent as well as 
from the recent history of the mineral industries of, for instance, 
Ireland and Australia. None-the-less, it is frequently alleged 
that the "competitive model" does not apply to the mining industry 
and that therefore analysis based upon it is lacking in realism of 
assumptions and misses the point. In support are generally adduced 
data purporting to prove "excessive" concentration of seller's 
market power, that is monopolistic market structure. 

The first answer to this charge is that there do not exist, 
with respect to the mineral industries as well as with respect to 
ether industries, generally accepted operational specifications of 
product, of market and Of control to allow a detinition GE monopoly. 
Without that, policy debates on the issue of monopoly control 
become meavingless | 


But furthermore, it is not realistic to allege lack of 


competitiveness simply because relatively little of the output 

of the industry is sold in small lots on the London Metal Exchange 

at spot or futures prices, but changes hands on the basis of long- 
term arrangements, often among vertically integrated partners, at 
other than LME prices. It is suggested, that the problem may appear 
in a different light if the good that is traded is seen not so much 
as the pound or ton of metal but rather as the development opportunity, 
the franchise, for mineral production. The terms of the transaction, 
between the owner of potential resources and the owner of capital, 
the investment decision, may then be seen as determined by the 
supply and demand of non-specific capital, of highly specific 
entrepreneurship, and of ubiquitous mineral occurrences - with units 


of metal traded at spot prices essentially a by-product. 
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IV GOVERNMENT - INDUSTRY INTERACTION 

Mineral policy is the sum of government actions that 
influence the mineral system. It is constrained by the fact that 
most mineral commodities are traded on world markets and is thus 
only one of the determinants of the ways in which the system affects 
the economy and society generally. There is a large diverse mixture 
of federal and provincial laws, regulations, practices, programs 
and agreements that affect the use of minerals to satisfy objectives 
of Canadians as producers and as consumers. Responsibility for 
mineral policy is shared not only by various levels of government 
but also in varying degrees by departments within the levels of 
governments. 

The political system within which the mineral sector of the 
Canadian economy has been operating so far, imposes its own 
limitations upon policy formulation. Some key principles that have 
this effect are: 

- reliance on everyone's ability to be the best judge of 

his own interest; 

- belief that decision making in society is best widely 
dispersed because of the impossibility of concentrating 
all relevant knowlege in one head. 

- belief that the future is uncertain. 

From these flow that: 
- tindtvtduals and firms should be on the whole responstble 


for thetr own future 


- prtvate property should be tampered wtth as little as 

posstble 

- the law should be ecertatn and evolve slowly on the basis 

of reason applted to precedent. 

Many proposals made in the area of mineral policy today 
would implicitly require the abandonment of this body of interlocking 
principles. With respect to the mineral sector, the key constraints 
imposed by these principles - if we do wish to maintain a healthy 
mineral sector - may be put as follows: 

The mineral industries, as others, have born up well under 
past levels of taxation. But these levels cannot be raised to the 
point where they amount to confiscation without compensation, or 
where the flow of capital from the private sector would be drastically 
reduced. This is one of the major topics dealt with in detail in 
the following chapters. 

While government participation in the industry is wholly 
compatible with the system as long as it is guided by the ideas of 
economizing information utilization, reducing transaction costs and 
contributing to the control of serious externality problems, the 
merits of extensive participation in development or operation may be 
questioned for three reasons! Management is more liable to convert 
potential enterprise profit into increased private utility; 
innovation is retarded and efficiency adversely affected due to the 
separation of ownership and control ok and empirically, 
attempts in this direction have not worked too well in 


the past. 


Although every government engages in some measure of 
control of foreign economic relations, excessive interference may 
well affect capital flows and asset composition in undesirable ways. 
Relevant here are the critical studies of the long-run effects of 
mercantilist policy in 17th and 18th century Europe - Adam Smith's 
Wealth of Nations is still the best treatment - as well as analyses 
of revivals of mercantilist thinking in this pentane 

Proposals based upon government's alleged responsibility for 
the positive management of the country's rate of economic growth 
are ill-founded. Such proposals rest ultimately on any or all of 
three major assumptions, all of which are demonstrably unreasonable 
in the world we live in: (a) the assumption that uncertainty can 
be significantly reduced by centralizing all economic decisionmaking 


(3) 


in very few hands (b) the assumption that any man, when moving 


into the public sector will be able consistently to act from motives 


ane (c) the assumption 


other than individual utility maximization 
that allocation of resources according to individual valuations and 
to factor productivities, i.e. rational resource allocation, 25 


(5). 


possible outside the market process Government thus cannot 
have any such responsibility as it is a task beyond the powers of 
any government. 

The best that positive mineral policy can achieve is to 
compensate for incidental negative effects or to support positive 
effects upon the mineral sector that results from policies adopted 


to advance particular goals in other policy areas and which affect 


mineral industry factor costs and prices; i.e. of fiscal and 


monetary, labour and welfare, foreign trade and regional development ~ 
policies. 

The mineral sector of the Canadian economy does not extst in 
tsolatton. Poltey dectstons with respect to tt affeet, and are tn 
thetr results affected by, policy deetstons in other sectors and by 
world market condittons. Thus corporate income tax changes affect 
Capital availability generally and allocation between sectors. 
Changes in welfare measures and in immigration laws affect the labour 
supply to the mineral sector. Moreover, there is the difficult 
subject of Federal-Provincial relations. The BNA Act made minerals 
the subject of Provincial jurisdiction (Section 92). However, other 
provisions (Section 91) allow the Federal government to intervene. 
Today the Provinces on one hand may be moving with their mineral 
legislation into areas in which conflict might develop with the 
BNA Act provision that forbid interference with inter-provincial 
trade. On the other hand, the Federal government tends to extend 
its influence into areas the Provinces consider to be their preserve. 
To form his own opinion, the reader is referred to the relevant 
sections (Appendix A). 

The ultimate goal of policy: to obtain optimum benefit for 
Canada from present and future use of minerals is surely acceptable 
to everybody. But expressed in this form it introduces a good many 
ambiguities that require clarification or at least awareness before 
discussion can proceed: 

- Is the optimum a sum of dollar amounts or does it encompass 


non-material factors? If so - how are material and 


non-material factors made commensurate. 

- How are individual benefits to be aggregated into a 
benefit for Canada? 

- How are expected results from future uses to be discounted 
to the present? 


Fortunately complex questions of political philosophy which 


are raised by the goal statement need not be answered conclusively 


to proceed to an appraisal and ordering of the objectives - as long 


as certain limitations are observed. 


There are essenttally three options with respect to the matin 


thrust of policy, considering today's popular concerns: 


1. 


Minerals wtll continue to be a means to expand and to 
diverstfy naturally and gradually domestic economic 
development. 

Mineral productton and mineral exports will be 

primartly a source of government revenues and wittl serve a 
broad range of other soctal and economte eee 

The rate of mineral production and usage will be eut back 
out of concern for the ltfe-style and well-being of future 
generations throughout the world. 


In the following, differences and implications of the basic 


options are sharpened for expository purposes. It must be stressed 


that most likely any policy adopted in reality would consist of some 


mix, with elements of one option dominating. 


The first option implies continued reliance on market 


processes and does not involve a change in the extent of income 


redistribution. But it is not a do-nothing option, it will require 
continuous effort to improve the efficiency of the market on a 
piecemeal basis. This option rests squarely on the record of past 
policy, which assured on the whole adequate rewards to the private 
individuals who provided the vitally necessary factors of production- 
capital, labour, entrepreneurship - under often adverse conditions. 
In other words, it expects satisfactory future returns from 
continued exercise of the pioneer spirit which built the country. 
Continued primary reliance on market processes is the key element. 
Another implicit one is the belief that generally "when it is not 
necessary to change, it is necessary not to change." 

Although on the whole this first option offers the least 
scope for positive governmental action there is scope for many 
strategies of gradual improvement within the confines of the system, 
particularly through manipulation of tax incentives and limited 
specific measures in the areas of infrastructure provision, 
improvements of information utilization efficiency and reduction in 
severity and frequency of externality problems. 

The effect - although perhaps not spectacular - would be 
a gradual and highly probable increase in the contribution of the 
mineral industries to all sectors of the economy. 

The second option, essentially the one that has become 
associated with the name of Professor Eric Kierans (6) involves an 
increase by orders of magnitude in governmental wealth transfer 
activities and would require a complete redesign of the mineral 


system. This option is based on the assumption that the country's 


problems have changed so much in the past decades that the same 
political environment and the same individual qualitites which made 
for the industry's past growth are no longer required: that on 

the contrary returns must and can safely now be re-distributed to 
large numbers of citizens with no direct connection with or stake 

in the industry whether as investors, business partners or employees. 
Rather than the market, political factors are to determine the path 

of development and the distribution of factor returns ie gheeor 
prioritites determined outside of goods and factor markets. 

This option, with its emphasis on planning and on national 
political decision making, offers wide scope to government activity. 
However, the shift in emphasis in policy debate and in the factors 
influencing decision making from value terms to physical terms which 
is inherent in the planning element makes rational resource allocation 
Pnereasingly difficult. 

As to the effects of this second option, there is no doubt 
that in the short run political rewards to proponents and material 
rewards to non-participants in the mineral sector could be sub- 
stantial - but both theory and experience teach that the long run 
costs are liable to be Riches 

Such necessity to redesign the system from the ground up is 
also inherent in the third option which is on the whole in line 
with the thinking on resource problems associated with the Club- 
of-Rome/MIT study. Massive redistribution of potential mineral 
sector benefits from this to future generations is its eaaenes 


The overriding concerns are zero aggregate growth and massive 


inter - and intragenerational wealth-redistribution on a world scale, 
The first stems from belief in the limited resources hypothesis, 

the second from considerations of 'social justice’ akin to those 
underlying the second option. 

In addition to the incompatibilities with the system inherent 
in the planning element of the second option, this option requires 
a surrender of much national sovereignty. It implies wealth 
transfer to those who do not contribute to the product of the nation's 
private sector as well as to those who cannot be taxed at all: 
non-Canadians and future generations. Although public sector 
involvement would be greater yet than in the previous option, this 
would to a considerable extent be by international political bodies. 
In the eyes of the previous options’ proponents, the influence upon 
the nation's affairs by international corporations would be exchanged 
for that of international political hodies. 

The effects would likely be a decline in material returns 
from the sector, which would in the eyes of the proponents of the 
option be offset by substantial satisfactions of a non-material kind. 

It may appear to the reader - whatever his preferences - 
that there is really not much to choose from. But that is simply 
due to the fact that in today's world policy options reduce to 
differences in basic values - and not, as may have. been the case in 
calmer times - to differences on the means to reach an unquestioned 
end. 

Discussion over government's role in the mineral sector has 


thus become heated over the reallocation of net benefits. 


For such discourse to be meaningful such benefits have to be defined 
and related to costs. Internal as well as external constraints to 
re-allocation and the probable effects of such re-allocations as are 
feasible within these constraints have to be made explicit. The way 
in which minerals are developed and utilized reflects not only the 
wants of people as individuals wtthin a framework of tndtvtdual 
rights but also social and economte prtortttes of governments and 
of polttical groupings throughout Canada. Chotces are necessary 

to implement any change, their range ts limited and they impose 
costs. The important point to keep in mind ts that the stze of next 
year's resource pte ts tn large part determined by the way thts 


year's ts divided. 
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V. THE BASIC ECONOMIC MODEL 


The purpose of thts chapter ts to develop a formal model of firm and 
tndustry behavtor that can be spectfically applted to the study of the mineral 
industry. Such a model must be capable of analysing the impact of 
Federal corporate income taxes, Provincial mining taxes, and 
environmental standards on the individual mining firm and mining 
industry. 

Let us emphasize from the beginning that many of the 
assumptions of the formal model are somewhat unrealistic. This is 
necessarily so, because in order to be more realistic one must be 
more specific. That is, as the analyst attempts to describe specific 
firms or specifie industries, the assumptions begin to fit only the 
firms or industries in question, and the resulting analysis lacks 
generality, which is what we desire in these theoretical chapters. 

In any case, the rigorous, formal theory gives us a starting point, 
a place from which to begin our thinking. 

Let us emphasize, however, that the formal theory provides only 
a beginning point. It would be a grave mistake to confuse the theoretical model 
wtth the real world in which the mineral industries extst. One cannot set policy 
purely on the basts of the formal model. Therefore, we will obviously have 
to change some of the assumption and take a more dynamic approach 
when considering specific problems, such as the effects of taxation 
and controls. However, the model will enable us to be specific in 
our language and will provide a strong framework on which to build 
our analysis. That is the purpose of setting up the complete model 


in this chapter. The assumptions under which conclusions -- often 
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arrived at mathematically -- are reached must be made clear in order 
for one to understand the nature of those conclusions. 

This chapter is divided into two parts: (A), a section 
dealing with the concept of equilibrium and the process of comparative 
statics, and (B), a section setting forth the baste model of the 
mining firm and industry. All of the analysis in Section A is set 
forth mathematically in Appendix B.1, and Section B is shown in 
Appendix B.2. Therefore, this chapter will consist of basically 


literary exposition. 
V-A. EQUILIBRIUM AND COMPARATIVE STATICS 


In the majority of economic analysts first the equiltbrium conditions 
are set forth, then comparative statics are used to deduce the effect of changes 
in parameters upon the endogenous variables. The equilibriun conditions usually 
result from the assumptions of maximizing behavior or from a definttton. For 
example, we can deduce that if a competitive firm attempts to maximize 
profit it will choose the rate of output at which commodity price 
equals marginal cost, where marginal cost is the addition to total 
cost occasioned by an additional unit of output. The reasoning is 
as follows: so long as price exceeds marginal cost, each addition to 
output (and thus to sales) brings in a revenue (price) that exceeds 
its cost of production. Thus, profits are increased by producing 
these units of output. No firm that maximized profit would produce 
any unit of output for which its marginal cost of production exceeds 
its selling price. Therefore, the firm produces the output at which 


marginal cost equals price.t This output is called equilibrium output. 


Say Ss 


From the equilibrium output one can deduce the equilibrium quantities 
of all“inputs also: 

Now these are equilibrium conditions in the sense that 
quantity produced does not change -- in the model -- unless certain 
things held constant in setting up the conditions change. Those 
variables that are held constant are commodity price, Sheaorices of 
inputs, technology, the prices of competitive (in production) products, 
and so forth. If none of these parameters changes, the equilibrium 
does not change. Next the theorist is interested in the rate at which 
a change in one of the parameters changes the equilibrium conditions. 
To this end, he changes the parameter (mathematically) and observes 
what happens to the equilibrium output or to the usages of certain 
factors of production in the model. The sole interest is in comparing 
the equilibrium values of the variables, not in analysing the path 
taken by the adjustment process. ~ 

A very simple analytical model should clarify the process. 
Assume that a policy maker is interested in comparing the economic 
effect of two different types of taxes: an excise tax or per unit tax 
of a certain dollar amount per unit of sales and an excise tax that 
is set at a certain percentage of price. Assume that the taxes are 
set to be the same amount at the original price. That is, if the 
current price is $20 per unit then a $2 per-unit tax would call for 
a ten per cent tax on price. 

Begin by solving for the equilibrium conditions. Assume that 
supply and demand in the market are respectively SS and DD in figure 
1. Supply slopes upward reflecting that producers require a higher 


price to get them to produce more. Demand slopes downward reflecting 
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that consumers will consume less if price rises. For the non- 
professional reader we might note that ‘in economic theory supply and 
demand have very prectse meanings. Supply is a list of prices and the 
quantities that producers would offer for sale at each price in the 
list per period of time. Price and quantity are usually assumed to 
vary directly along supply. Demand is a list of prices and the 
quantities that consumers would be willing and able to purchase at 
each price in the list per unit of time. Price and quantity are 
usually assumed to vary inversely along demand. In Figure 1, DD and 
SS are the graphs of two such lists. Price is measured along the 
vertical axis and quantity along the horizontal. 

With the given demand and supply equilibrium price is Pp. and 
equilibrium quantity sold, Q,: If price were below PL consumers would 
demand more than producers were supplying. The excess demand or 
shortage would cause consumers to bid up the price. If price exceeds 
Pir producers would be supplying more than consumers demanded or were 
willing to purchase at that price. The surplus, or excess supply 


would cause price to settle at P Thus equilibrium is attained where 


l° 
supply equals demand. 

Now assume that a tax of k dollars per unit is considered; 
that is, for each unit sold the sellers must give $k to the government. 
This tax does not affect demand -- recall the definition. Ifa 
consumer demands 100 units of a good per year at a price of $10 per 
unit, he does not care whether $8 goes to the producer and $2 to the 
government or vice versa. He demands 100 units either way. But supply 


shifts upward by the precise amount of k dollars. For example if a 


price of $5 induced producers to supply 1000 units per period, with a 
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per unit tax of $2 producers would require a price of $7 to induce 
them to supply 1000 units after the tax. That is, they would 
require a net receipt of $5 regardless of the tax. Following that 
logic, in Figure 1 supply shifts upward by k dollars at every point 
to S'S'.,. Now equilibrium price rises..to P3 and quantity sold falls 
to Q3- The extent of the change depends upon the slope of demand. 

Now put a percentage-of-price tax on the product. The 
higher the price the greater the dollar value of the tax and the 
greater the increase in supply price at the corresponding quantity. 
Since the percentage was set by assumption to make Py increase by k 
dollars, the supply curves under both taxes intersect at OF the 
era inalequantity.. At, Llowemepraces.thatipercent tax yields’ less. of 
a dollar tax and the new supply lies below S'S'; by the same 


argument, at prices above P, the new supply lies above S'S', 


is 
Therefore, S''S'' reflects all of the assumptions about supply 
under a percentage-of-price tax. 

Since the supply curve S"S" lies below S'S' at prices below Poe i 
is easy to see that the new price, Por that results from the percentage- 
of-price tax is less than the price, P3, that occurs after a tax of 

k dollars. Similarly, the equilibrium quantity, Qos after a 


percentage-of-price tax is greater than Q3- Therefore, we can state 


unambiguously that a per-unit tax raises price and lowers quantity more than a 


percentage-of-price tax that is set to yield the same tax at the original price. 
While the effect upon price and quantity can be determined 
unambiguously, the comparison must be qualified in other cases. An 


example is a comparison of tax revenue under the two assumptions. 


Figure’ 2 is an exact reproduction of Figure 1.7" the total iteax 
revenue is given by multiplying equilibrium quantity times the tax 
at that quantity, which is given by price minus the supply price. 

In Figure 2 the tax rate from the per-unit tax is the distance DG, 
which equals k. The total tax revenue is given by the area BP DG. 
The percentage-of-profit tax is EF, yielding a tax revenue of CPQEF. 
On inspection it appears that the former revenue exceeds the latter, 
but with different sloped supply and demand curves this need not be 
the case. Therefore, the effect upon tax revenue ts ambiguous and depends 
upon the slopes of the curves. 

Even though the derivations are much more complicated 
mathematically, all of the theoretical analysis in this book will 
follow the same method of approach as that described above. Some 
results will be unambiguous while others will change with the values 
of certain variables. Next let us set forth the assumptions which 


we impose in developing a theory of mining firms and industries. 
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V-B. THEORY OF THE MINING FIRM AND MINING INDUSTRY 


In subsequent theoretical analysis we will rely in large 
part upon the basic model of the competitive firm and industry. 
Justification for use of the competitive framework of analysis has 
already been argued in Chapter III above. There is no benefit in 
repeating the arguments here. We begin with the theory of the firm, 


then proceed to the industry. 
V-B.1. THE FIRM 


In this model each mineral extracting firm attempts to maximize 


the present value (P.V.) of its stream of profits, written as 


+ Gi), + Geom, +... + Gl, = 


(1) PV. = ae res 
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Hl WSal fee) 
>) 


iy Ge) "Ih, 
where 1, is the expected profit in the i-th period and r is the interest 
rate. The firm's profit stream extends from the present, period 0, 
to period H, presumably the end of the planning horizon. Let us assume 
for simplicity that the firm expects the interest rate to remain 
relatively constant throughout the horizon. Note that if we assume 
(as we will below) that the rate of profit in any one period is 
independent of the rate of profit in any other period, maximization 
of the present value of the profit stream requires maximizing expected 
profit in each period. Given a well functioning capital market this 
is not an unreasonable assumption. 

There may, however, be some objections to the assumptton that the firm 


maximizes profits. Admittedly, there might be other objectives such 


as the rate of growth (which may not be, but generally is, compatible 
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with profit maximization), charitable activities, good employee 
relations, environmental protection, and so forth. These other 
possible objectives may be ignored here for several reasons. First 
and foremost, much of what appears to be non-profit maximization in the short 
run, such as building goodwill, is perfectly compatible with long-run profit 
maxtmtzatton. 

Economists have for years deduced and predicted quite accurately 
under the assumption of.profit maximization. Secondly, many economists, 
possibly most, seem to feel that the other objectives are relatively 
unimportant compared with profit maximization. It would be a rather 
unusual entrepreneur who treated profits cavalierly - particularly 
in a rather competitive industry like most mineral industries. If 
some entrepreneurs attempt to divert many resources to other objectives, 
they will find themselves with higher costs than other firms and will 
not be able to compete. If some firms attempt to maximize profits, 
those that do not will possibly go out of business. Certainly some 
of the most favorably located firms - that is, as far as markets or 
extraction are concerned - or those blessed with exceptional management 
will find themselves with lower costs, and those enjoying for a time 
"rents" to particular factors of production may wish to use some the 
"rents" to further other objectives. But since it is immaterial how 
these pure rents are used they can be ignored. For these reasons 
profit maximization will be assumed throughout the analysis. 

In any one period profit is simply revenue less total cost 
in that period. Revenue is the price of each type of output times 


the quantity of that type sold in that period. In the present model 
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we assume also that each firm produces only one type of output. In 
the case of the mineral extracting firms one could assume that this 
specific output is some average quality or grade of mineral. Finally, 
the assumption of a parametrically given commodity price seems quite 
reasonable for the firm. It seems probable that any entrepreneur 
would feel that his firm, acting alone, could not affect the world 
price of that commodity. 

The quantity of output that can be produced in any pertod depends upon 
the quantity of inputs employed in the productive process and upon the present 
state of technology in the tndustry. This relation is expressed by a productton 


funetton, which in its most general form is stated as 
(2) q 7 E(x); Xo» a3 “ys a x), 


where q is the quantity of physical output and the x's are the 
quantities of physical input per unit of time. It is obviously assumed 
that within the relevant range an increase in the usage of any input 
increases output. In economic terminology we assume that the marginal 
products (Aq/dx,) of all inputs are positive. We also assume that if 
the usages of all other inputs remain constant and the usage of any 
one input increases, the marginal product of that input decreases but 
remains positive. We assume nothing about the way in which the marginal 
products of the input held constant change. 

The production function is therefore a technical relation 
that shows the maximum amount of physical output for any given vector 
of inputs. We assume that this maximum output is unique. 

Under these assumptions the present value of the firm's 


revenue can be stated as 


= GUL 


H ee n 
(3) P.V.N = £ Gime {Pf Gy» Koper ct te xt) -.f Pi eX ae - FJ, 
t=0 i=l 
where Xj4 is the usage of the i-th input in the t-th period, Pay is 


the expected price of the relevant input, Py is expected commodity 
price in the t-th period and nn is the previously contracted fixed 
cost for that period. 

It is simple to prove mathematically (as is done in Appendix B) 
that maximization requires that for each pertod and for each factor of production 
the marginal product of that input in that period times expected commodity price 
(ealled the value of marginal product) equals the price of that tnput 
in that pertod. This result is rather obvious. Assume that a 
particular type of input costs $10 per unit per period of time. Assume 
an additional unit of the input would add seven units of the output and 
that the output sells for $2 each. Thus an additional unit of the input 
would add $14 to revenue per period of time at a cost of only $10 per 
period, consequently adding $4 to net revenue. Clearly the firm would add 
this unit and all other units that would add more than $10 to revenue. 
Note, however, that if the firm continues hiring more and more of 
the input,by assumption marginal product would decline, and thus the 
value of marginal product would decline also. The firm would hire 
until the value of the marginal product per time period falls to $10. 
It would not hire more, because the value of the marginal product 
would decline to less than $10 per period and the firm would lose 


net revenue. Equilibrium, therefore, requires that 
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In our analysis of the mineral extracting firm and industry 
we are interested in large part in the comparative-statics impact 
upon total employment and total investment. To this end we simplify 
the general model somewhat. First let us asswne that there are only two 
factors of productton necessary to produce output and let us call these tnputs 
labor (L) and capital (K). We take land, management, and other inputs 
as given for this problem. Admittedly this simplification leads to 
certain methodological complexities, foremost of which is the aggregation 
problem. It is difficult to conceive of adding together power shovels, 
drills, brooms, and so forth. Likewise there is the equally severe 
conceptual problem of adding secretaries, foremen, accountants, etc. 
But for both empirical and theoretical work this conceptual simplificatiol 
offers great analytical convenience with little or no sacrifice of 
predictive power. Lumping all types of labor into one group and all capital 
into another ts particularly useful because we want to talk about the impact of 
poltey ehanges upon employment and investment as a whole and not upon any one 
type of labor or any spectfite type of capttal. In theory we will abstract 
and assume some average or homogeneous grade of labor. Also we will 
assume that it is possible to measure and aggregate capital into 
homogeneous units. This method of approach is very frequently used 
in theoretical and empirical work, particularly in the aggregate 
models with which we will be dealing here. 

We will assume that the mineral extracting firm attempts to 


maximize its present value, written as 
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where the variables are defined as follows: 
L, and Ky are the amounts of labor and capital used in the 
t-th period 
H is the end of the firm's horizon, or the last period for 
which the firm makes plans 
r is the interest rate - expected to remain constant 
PL is the commodity price expected in the t-th period; for 
simplicity we shall frequently assume that the firm expects 
price to remain at the same level over the planning horizon. 
Wy is the expected wage rate in the t-th period; it is also 
frequently treated as a constant 
d is the rate of depreciation of capital 
In the profit function we asswne that labor’ is hired each pertod at 
a specified wage rate parametrically given to the firm - and later to the industry. 
The treatment of capital is not so easily accounted for. Note that 
the firm in question owns no capital in this model. We assume that 
the firm hires its desired capital each period over the entire horizon. 
This assumption is more reasonable than it appears at first glance. 
Clearly the firm does not hire units of capital smoothly over its time 
horizon. It possibly buys most of its capital equipment early, and little 
Sapital, latewin its horizon, ..Bbutb, it uses capital rather smoothly over 
the time horizon, and if it borrows to buy the capital, it pays for 
the capital smoothly over the horizon. Of course the simplest inter- 
pretation might be that the entrepreneur or firm buys and owns physical 


units of capital, then rents these units to himself or itself at the 


going market rate. Models do exist in which the firm owns and uses a 
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stock of capital, but these models are quite complicated and would add 
little or no analytical fruitfulness to the problem at hand. > 

Assuming an effietent capttal market, the rate at whitch the firm can hire 
capttal ts prectsely the interest rate plus the rate at which capital depreciates 
during one period. Thus if the firm hires $1000 worth of capital (of 
whatever sort it uses), it would pay $200 in a period if capital 
depreciates at a rate of ten per cent and the market rate of interest is 
ten per cent. We will assume in subsequent analysis that if the amount 
of capital hired during one or more periods rises after some policy 
change, we can assume that the rate of investment increases. 


Adopting the above model to the changed assumptions, the firm 


attains equilibrium in any one period whan 
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where MP and MP are the marginal products of labor and capital in the 
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t-th period. 

Equattons (6a) and (6b) show that in order to maximize profits, the firm 
must hire labor up to the point at which the addition to revenue produced by the 
last untt of labor equals the wage rate in each period. Likewise, the last unit of 
capital used in each period must produce an addition to revenue equal tts cost to the 
firm in terms of interest and the rate of depreciation (r+d). 

Therefore, from the conditions set forth in (6) the firm's demand 
for labor and capital can be expressed as functions of the parameters of 
the system: the wage rate, the price of output, the interest rate, and 


the rate of depreciation. In other words the demands are 
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It is quite a simple matter to show that from equation (7) tne 
rate of change of labor and capital with respect to their own prices are 
negative. The signs with respect to other variables are not unambiguous. 
Pingeiy,, 1. Ly and Ky are determined by the parameters in equations (7), 
ay is fixed by these parameters also. 

Before extending the analysis to the mineral extracting industry 
we should examine the determinants of the horizon, H, for the mineral 
extracting firm. Mineral extraction presents a set of rather unusual 
circumstances, since an orebody is only augmentable to a limited extent. 
We assume that the firm owns or leases a specific deposit or area with 
minerals. The mined-out part of a deposit is not reproducable in each 
period. Furthermore, under no circumstances would all of the mineral 
deposit be extracted; at a point it becomes uneconomical to go further. 
We therefore set H in the following way. A geologist estimates the 
maximum quantity that can be extracted if in each period the output is 
recovered at the Maximum Efficient Rate (MER) of extraction, subject to 
the constraint that when profits become negative, extraction ceases. 


That is, the geologist maximizes 
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for all t, where q, is the MER of extraction, and Q is less than the total 
amount of the deposit. Clearly 4, need not be the most economically 


efficient rate - it is the most efficient rate from a purely technical 


sense, 

Clearly increases in expected prices or decreases in expected 
costs would increase 92 by extending the horizon over which extraction 
would be economical. In our model we assume that H is determined by 
geologists but that it could change with new discoveries or with changes 
in parameters such as the price of the output. Also the cost of 
extraction will generally increase as the total deposit is decreased. 
Furthermore, production above the MER can under some circumstances 
increase costs and decrease Q, the maximum amount economically extractabl 
In our analysis of taxation and environment controls it will serve 
little purpose in including these modifications. Therefore, we will 


ignore them for now. 


V-B.2. THE INDUSTRY 

In most competitive models each firm in the tndustry faces a 
market-determtned commodity price whereas the industry as a whole faces 
downward sloping demand for the product. In the short run industry 
supply is the summation of the individual supply curves of the firm. 
Price and output are determined where supply equals demand. In the long 
run firms enter the industry so long as commodity price is above the 
minimum average cost of the least efficient firms. Since the firm's cost 
is assumed to include the alternative or opportunity costs of resources 
owned by the entrepreneur, the marginal firms earn only the going rate 
of return on their resources; that is, there are no above-normal profits 
More efficient or lower cost firms earn above normal ProLves ;eDULe In 


the long run these profits may be received in the form of rents by the 


Cy Sees 
ywwners of the factors of production responsible for the lower costs. 

these might be management or the owners of a particularly rich deposit. 

fF course, if all firms are alike, no firm earns above normal profit. 

In any case, price and output are still determined by this zero-profit, 
long-run supply and industry demand. The industry remains in equilibrium 
wintil something changes parametrically. 

In the case of the mining industries of Ontario we will assume 
-hat the price of the mineral is determined on the world market and that 
the industry is a price taker in this market. In Chapter III we 
discussed the reasons for this assumption. The short-run supply curve 
is typically the sum of the suppliers of all firms already in the industry. 
[The long-run supply curve allows for entry or exit by new firms or by old 
firms with new deposits. The least efficient firms cover only the 
alternative cost of their investment of other resources. The more 
sfficient - for some reason or another - receive rents. We might emphasize 
that no industry ever truly operates in the long run. But since with 
free entry and exit, firms enter when the industry is profitable and exit 
when they cannot cover alternative costs, there is a tendency toward long- 
run equilibrium and this device is a convenient analytical fiction. 

A theoretical mining industry - or, more accurately, a mining 
industry in a single province - is depicted in Figure 3. P is the price 
of the mineral, excluding transportation charges, given by the world 
market. S755, is the long-run industry supply curve drawn up under the 
assumption that entry or exit occurs until profit or losses are competed 
away for the less advantaged firms. There is no reason for exit of 
existing firms because all firms are covering the return obtainable at 


the next best alternative. There is no reason for entrv because no firm 
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could get better than its alternative returns. SoS, is short-run 

supply, drawn under the assumption that the number of firms remains 
constant. If price decreases or increases on the world market, 
adjustment at first would occur along S.So- 

Once firms have time to enter, in the case of profits, or exit, in the 
case of losses, SS, becomes the relevant supply. Since ftrms are more 
flexible in the long run, the long-run supply ts more elastic (less steep) 
than the short-run; that ts, tn the long run quanttty supplted ts more 
responsive to changes in price than in the short run, Of course, once 

a new long-run equilibrium is reached, the number of firms changes and 

a new short-run supply obtained. The new short-run supply will intersect 
at the point where long-run supply intersects the new price. 

This completes all the theory that we need to develop in order 
to analyse the impact of taxation and environmental controls. To be 
sure, a few modifications will he necessary, but these will be developed 
best within the context of the specific problem. In any case, the 


fundamentals of the theory set forth here are hasic to the problems at 


hand. We may therefore proceed to the analysis of taxation. 


FOOTNOTES = CHAPTER V 


1. We ignore here certain other conditions that are set forth 
in the mathematical appendix. 

2. The pattern of analysis that concerns patterns of 
adjustment is called dynamics. 

3. In one such model the production function includes labor, 
current purchases of capital, and the present stock of capital. 
Capital lasts a specified number of years and depreciates at a specified 
rate. Thus in the t-th period output and cost depend upon the original 
stock of capital (if it had not all worn out), the current purchase cf 
capital, the capital purchased in each period prior to the t-th and the 
rate at which capital depreciates. Or one can assume that capital wears 
out at a specific rate and is purchased at that rate. But it would he 
difficult to analyse investment responses to external changes within 
this context. 

4, “Normal Profits" is a purely technical term in the 
theory of perfect competition. Lt is dmproper torapoly at pewien 
normative connotations, in political arguments over re-distribution of 
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VI. ECONOMICS OF TAXATION 

As noted in previous chapters, government imposes two major 
types of taxes upon the mineral extracting industries, a corporate 
profit tax and a mining tax upon the profits from the mining aspects 
of the firm. Both, therefore, are essentially profits taxes. In 
a straightforward static model the impact of these taxes is easily 
determined. Once dynamic implications are included, the impact is 
not so easily isolated. Neither is the effect upon the industry 
so easily analysed. We will begin analysis of taxation with the 
firm, then we will extend the analysis to the industry as a whole. 
We will then examine a slightly different static model of the firm. 
Finally we will consider the dynamic implications. Throughout we 
will attempt to determine the effect of changes in the tax rate upon 


total tax revenues. 


VI-A. TAXATION AND THE FIRM 
Peoria Dat axe OL Tp! where T is between zero and one, simply 
reduces net profit to (1-T,) times gross profit in each period. 
The mining tax is a tax upon the profits earned on non-processed 


output. Let the mining tax be Tue where 0 <T laFrirst. let promits, 


< 
M 
1, be defined as profits in excess of the Opportunzty, Cost or 
alternative cost of the entrepreneur, which is the way that economists 


define ero Therefore, the firm would have in any period net 


profits after taxes of 


(1) n= (-T) ett, 
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where p is the percentage of profit derived from mineral extraction. 
Sinee gross profit depends upon output (commodity price ts parametrically 

given) and output depends upon the quantittes of labor and capital used, the 

firm choses the levels of labor and capital that maximize profits. 

These maximizing levels are found by setting the partial derivatives 

equal to zero; thus, oN/aL= 0, and o9i/ak = 0. With a profits tax 

and mining tax one differentiates net profit, i, with respect to L 


and K to obtain 
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So long as corporate income taxes and mining taxes are less than 
one, the solution to (2) requires an/3L = 0 and o/akK=0, the same 
solution as the profit maximizing solution when the tax rate is 
zero. 

This result is obvious without resorting to the mathematical 
solution. If the tax rate on profit is T percent, the firm will 
continue to maximize the before-tax profits because it prefers 
(100-T) percent of maximum profits to (100-T) percent of some smaller 
level of profits. Fhus tf Seat and K are the opttmal levels of output, 
labor, and capital with no taxation, they are also the optimal levels under any 
positive rate of taxation below 100 percent. Within a model in which the 
entrepreneur's opportunity cost is not explicitly included no rate 
of taxation less than 100 percent would cause the firm to leave 


the industry. Any net profit above zero will induce the firm to 


continue in the industry at the same level of output. The arguments 
that taxation of profits at any level will disturb nothing are based upon 
arguments such as this. The argument continues that if no firm is affected the 
industry as a whole ts not affected either. 

This situation is obviously not the way in which the firm operates. 
Assume for now that the cost function relevant to taxation does not 
include the entrepreneur's opportunity cost. In this instance the 
profit and the mining taxes are based upon profits as defined by 
the difference between total revenue and explicit factor costs, 
excluding opportunity costs. Any tax on gross tneome that Lowers the 
firm's discounted stream of gross profits below the opportunity cost would cause 
the firm in the long run to extt from the industry. 

Which firms will exit is an extremely tenuous question. One 
might say that those firms using the least productive deposits or 
perhaps those with the least efficient management would exru farst,; 
because these firms enjoy very little pure return even before the 
taxation. On the other hand, owners of the most efficient resources 
would have the highest opportunity costs, and these might be the 
first to seek out the best alternatives. Therefore, the question 
of which firms leave, if indeed any do leave, after an increase in 
taxation is probably empirical in nature for the general case. In 
the case of mineral extraction, however, returns over opportunity 
cost would probably depend largely upon the grade and accessibility 
of the deposits. Thus it may seem more likely that firms mining 
less productive deposits would close down operations in the long 


run. Those firms that are more productive because of high grade 


continue to cover opportunity costs and hence continue to operate 

at the same level of output, employment, and investment as before. 
Again those that argue that taxation has little effect would point 
out that only the poorest marginal firms are affected; thus, 
taxation, which does not affect the intramarginal firms, has no 
effect on the more numerous efficient firms. Note, however, that 
analysis thus far has been based solely upon the static theory of 
the firm set forth above. We will modify these assumptions somewhat 
in the final portions) of ‘thiswchapter. 

Lo summarize, a corporate income tax and a mining tax will leave the 
output, employment, _and investment unchanged as long as the firm covers its 
Opportunity cost. If it cannot do so, it will leave the industry. 

This conclusion is based upon very static assumptions, which will 
be modified below. Of course, a mining tax may change the firms' 
mix between mining and non-mining activities, but we will ignore this 


possibility here. 


VI-B. THE INDUSTRY 

For analytical purposes we view the mineral industries of 
Ontario as the sums of the individual firms that comprise the sector. 
That is, we assume that no one industry is sufficiently large within 
the province to affect the average wage rate or the going rate of 
return to capital. Since most of the industries sell on the world 
market, we further assume, as noted above, that no single mining 
industry can, to any significant extent, affect the world price of 


its product. 


Under thses assumptions the industry demand functions for 
labor and capital are 
se 
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and the supply function is 


N 
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where Li, Ke are the i-th firm's demands for labor and capital and 
qs is the i-th firm's supply. N designates the number of firms in 
the industry. 

While changes in the rates of taxation do not affect the 
input or output decisions of the individual firms, so long as 
opportunity costs are covered, they may affect both the output and 
usage of inputs in the industry. Obviously the reason these 
industry effects occur is because of the exit of some firms after 
a tax increase. 

Under the assumption of the competitive model, any profits 
above opportunity costs induce entry into the industry. The entry 
of a new firm increases industry supply and lowers price. The 
price must fall until price equals average cost, which, of course, 
includes the entrepreneur's opportunity cost. Therefore, in the 
long run there ts no economic profit to be taxed. Some firms may be more 
efficient than others, perhaps due to a favorable location or 
more efficient management, and therefore, have lower costs than 


other , less efficient firms in the industry. These firms 


will find their costs rising, however, because of higher payments 
to the owners of those resources (possibly the deposits) responsible 
for the lower production costs. 

Now assume that the tneome and mining tax ts upon revenue less cost, 
and that eost does not tnclude opportunity costs. The impact of the tax 
upon output, employment, and investment depends upon several key 
factors: (1) the effect upon commodity price, (2) the initial 
gross profit conditions of firms, (3) the generality of the tax, 
and (4) the ease of shifting resources. 

Assume that mining firms vary in efficiency, because of 
varying resource productivity. The marginal firms earn approximately 
the marginal rates earned for similar investments in other 
industries. More efficient firms earn higher rates. An tnerease 
tn taxes will, therefore, cause the return for some firms to fall below what 
they could earn elsewhere. As they are able, these firms will exit, and the 
tndustry will move to a new equiltbrium. Since firms have fixed investments 
and contractual agreements, they cannot exit instantaneously. They 
will lay off workers, cut investment, and decrease output ata 
rate compatible with loss minimization. As firms exit from the 
industry, supply decreases, and of course investment and employment 
decrease also. The reason supply decreases is because the costs 
of individual firms rise after the taxes and because there are 
fewer firms. 

Mining firms have a significant additional possibility of 
reacting to tax increases - or for that matter to increases in other 


costs or to decreases in output price - by raising cut-off grade. 


This enables them to avoid immediate exit or output reduction by 
reducing their ore reserves. Such practice is condemned by some 
as "high-grading" or resource wastage. However, all that is 
involved really is a trade-off between accelerated depreciation 
of one class of a firm's assets - conventional capital goods - 
and accelerated depreciation, or depletion, of another class of 
the same firm's assets - proven ore reserves. 

If the industry makes up a significant portion of the market 
in which it sells its product, the price in that market will 
depend on the industry output. Some part of the tax will be 
passed on to the purchasers in the form of a higher price.) This 
is shown in Figure 1. Assume the industry's supply is originally 


S The intersection of S. with demand, D, gives a price of P 


O° O 

and an output of Qo: The imposition of a profit or mining tax 

that eliminates some firms by causing them to make losses decreases 
the supply curve of the industry say to Sj: If price could rise 

as supply decreases, more marginal firms would experience increased 
revenues to cover the increase in costs. In Figure 1 output would 

fall to @. 

If, on the other hand, the industry sells on the world market, 
it has little, or at most a very small, effect upon the price at 
which it sells. This was the assumption for the mineral industries 
of Ontario. In this case the industry must absorb all of the tax 
increase rather than being able to pass some of it along. More 
firms are eliminated than would be the case when demand is 


downsloping, because higher prices would not cover higher costs. 
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Obviously employment and investment would decrease more also under 
the assumption of a given commodity price than under a downsloping 
demand. In terms of Figure 1, output would fall to Q) rather than 
O. THUS IF THE POLICY IS TO REDUCE OUTPUT, EMPLOYMENT, AND INVESTMEN AS 
LITTLE AS POSSIBLE, THE WORST TYPE OF INDUSTRY TO TAX IS ONE THAT MUST TAKE A 
WORLD COMMODITY PRICE AS GIVEN. In this case none of the tax could be 


shifted to buyers. 


Certainly the initial profit position of firms in the 
industry determines the ability of the industry to absorb the tax 
burden. In the extreme case in which all firms are earning no profits above 
the rate on alternative investments, any tnerease in the tax rate in the long 
run eliminates the industry, when commodity price is parametrically gtven. 
That is, no firm can cover opportunity costs. This, of course, 
assumes that a proportional tax is not placed upon all other 
industries and the alternatives consequently lowered. At the other 
extreme tn which all firms are earntng profits well above the alternatives 
due to supertor deposits or other resources, the tax tnerease simply lowers 
the net return, and employment, investment, and output rematn unehanged. Only 
a thorough study of the relevant industries themselves can give 
insight into the relative position of those industries. 

Therefore, to summarize, the industry's demand functions for 


labor and capital are 
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and the industry supply function for output is 


- qt = q* WW, Pps ts ds Th, 0» 4) 


Increases in ee Th and p, would under most circumstances lower 
q*, L*, and K* for an industry as a whole. This about exhausts 
what we can do with the usual static model of the firm and industry. 


The magnitude of the impact on the variables in question must 


depend upon the particular characteristics of the industry in 
question. Let us now turn to some alternative methods of 


approach. 


Vibes PROFIT AND THE SUPPLY OF ENTERPRISE 


Until now we have assuned that entrepreneurs were interested solely 
in the magnitude of profit. We can, however, employ a slightly different 
approach and assume that entrepreneurs or owners of firms are willing to 
trade off their entrepreneurial services for profits at a parttcular rate.° 
That is, increased output requires increased entrepreneurial services, 
and the entrepreneur is willing to trade his entrepreneurial 
services for profit. A "typical" entrepreneur might have trade- 
off rates as depicted in Figure 2. In Figure 2 the curves labeled 
I, 1I, and III are an entrepreneur's indifference curves between 
profit (plotted on the vertical axis) and output (plotted on the 
horizontal axis). It is assumed that increased output requires 
entrepreneurial services. An indifference curve shows all 
combinations of profit and entrepreneurial services among which the 
entrepreneur is indifferent; that is, all combinations of Tl 
and Q depicted by indifference curve I yield the same level of 
utility or satisfaction. All combinations on higher indifference 
curves yield a higher level of utility. All combinations on II 
are preferred to all combinations on I, and combinations on III 
are preferred to those on II, and so FOr. ee, Lily; eno we are 


only three of the infinite number of conceivable indifference curves. 
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Output per period. 


Since every N-Q combination in the quadrant is possible, the curves 
are everywhere dense. 

The slope of the indifference curves show the rate at which 
the entrepreneur is willing to trade off profit for additional 
entrepreneurial services. The curves are drawn first. witha 
downward slope. This may reflect that the size of the enterprise - 
and therefore the amount of services required - is so important that 
the entrepreneur is willing to sacrifice profits for increased sales. 
Beyond a certain point, such as an output of Q,: with a profit of T,, 
on indifference curve I, the entrepreneur is willing to expend 
additional services and increase output only if he is rewarded with 
increased profit. The curves also are drawn to reflect that the 
rate of substitution decreases at a decreasing rate then increases 
at an increasing rate. The domain of output or services over 
which the indifference curves decline is determined by the importance 
of sheer size of the firm to the entrepreneur. For the "captains 
of industry" this domain may be extensive. 

While indifference curves show the rate at which entrepreneurs 
are willing to trade profits for entrepreneurial services (output), 
they do not indicate how the market and technological forces affect 
the trade off. Assume that profit, the difference between revenues 
and factor costs before taxes, is given for each level of output 
by the curve ADBC in Figure 3. This is the rate at which the 
market allows profits. Maximum profit, QB, occurs at the level 
of output 095: Any higher (lower) level of output requires more 


(less) entrepreneurial service and is associated with a lower level 
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of profit. Indifference curves I-IV are from the entrepreneur's 
family of indifference curves. IV and all other curves above III 
lie everywhere above the profit-possibility locus ADBC. II, I, 
end all curves below III lie partly within the attainable region, 
but they yield lower levels of utility than III. Thus utility 
level III is the highest attainable, and this level is possible 
only at output OQ, yielding profit Q,D. Only if indifference 
curves are horizontal over the relevant range will the maximum profit 
level be chosen; for example the indifference curve RT is tangent 
at B. Horizontal indifference curves indicate that the entrepreneur 
neither increases nor decreases his level of utility from additional 
output and personal services. 

Let us return to the case in which the entrepreneur chooses 
0Q) and profit of Q,D. Impose a proportional tax on profits that 
lowers the profit-possibility curve to AEFC. In the example depicted 
the highest level of utility, given now by indifference curve II, 
is attained at 0Q. and xa prof trot QE. The III-level and all levels 
above II are now unattainable. In this case, as opposed to the 
profit - maximizing case, output, and therefore employment and 
investment, are reduced. Of course, the curves could have been 
drawn such that output might increase from 0Q,, or even remain 
constant. * The only case, however, in which output would necessarily 
remain constant is the case of perfectly horizontal indifference 
curves. Then output would remain constant at OQ, regardless of the 
tax and profit would fall to QoF for the tax depicted. This 


describes the model of the firm set forth in the preceeding subsections. 


This analysts ts not meant to show that a profit tax necessarily de- 
creases output. It te only to tndtcate that tf the supply of entrepreneurtal 
services ts posttively sloped - and there is good reason to belteve that tt 
often ts (see footnote 3) - there ts a strong theoretical posstbility that an 
tnerease tn the tax on profits will lower a firm's output, Er eae and 
tnvestment, even though the firm covers tts opportunity cost both before and 
after the tax tnerease. Thts result could not be deduced from the prevtous 
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VI-D. SOME DYNAMIC EFFECTS 


Thus far in our analysts of the effects of taxatton we have asswned 
that entrepreneurs somehow know what will happen in the future, that they 
know exactly what to do, that they can easily and automatically adapt to changes 
tn the envtronment. Obviously, this ieedoe the real-world situation. 
Even though the model in which the firm exists in a world of cer- 
tainty is a useful analytical device, capable of answering many 
complex economic problems, for a complete analysis one must generally 
adapt some of the assumptions in order to obtain a more realistic 
picture of the firm in a dynamic environment. We now extend the 
analysis in that direction. 

Consider why mineral firms carry out an investment, explore 
for new deposits, expand their scope of operation. Obviously, firms 
continue to invest in new capital, to search for new deposits, and 
to expand as long as the last unit of investment, of search, and so fortl 
is expected to add more to the firm's net income than the cost to the 


firm. An tnerease in the rate of taxation does not change the probability of 


= le 


success. It does, however, reduce the stream of profits expected 
from a new venture or a new tnvestment. 

This effect of a profits tax is particularly severe in the 
case of new firms or in the case of an old firm undertaking 
expansion or innovation. The new firm knows that there will be a 
lean period in the beginning, a period during which prorits will 
be zero or even negative. Obviously, the entrepreneur will begin 
the firm or carry out the innovation if discounted distant prorits 
are expected to exceed current losses. Anything that lowers the 
expected profit stream will at the margin discourage present 
innovation and investment. The decision to undertake research and 
development is hased upon the same premise. 

Figure 4 illustrates the point rather clearly in the case of 
investment. 
The Marginal Efftetency of Capttal (MEC) is defined as the addtttonal 
expected return from an incremental unit of investment. The expected 
marginal return varies inversely with the amount of investment, 
reflecting that the best (most profitable) investments are undertaken 
first. The firm would undertake investments as long as the expected 
marginal return exceeds the cost of the additional investment. If 
MEC) in Figure 4 shows the expected marginal return facing a firm 
and R is the cost of an additional unit of investment, the firm 
would invest I. in the relevant time period. A tax on profit would 


0 
fjomer the MEC schedule, in Figure™3, from MEC ¢) to MEC, > In this case 
investment would fall to T- The extent of the decline tn MEC depends 
of course on the magnitude of the tax. In additton the MEC will 


decline tf managers anticipate further tncreases in the rate Of tacatiton. 
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One might logically apply the same type of analysis to 
mineral exploration, research and development, and innovation. The 
firm undertakes these types of expenditures only so long as the 
expected value of the research, exploration, etc. exceeds the cost. 
Anything, such as increased taxation, must reduce this type of 
expenditure. 

An additional impltecatton of taxation can be deduced from the prinetple 
of tnereasing risk. Thus far we have emphasized that increased taxation 
strongly affects the smaller firms and the less profitable firms. 
In some instances one can present a convincing case that the marginal 
effect of taxation upon investment and so forth, increases with 
the size of the investment. The reference cited in footnote 3 
above showed an interesting example of this point; it pointed out 
that if a firm expands its scale of operation with borrowed capital, 
the greater the proportion of borrowed capital to its own equity, 
the greater the risk of loss of equity. As an example, it compared 
two firms. If a firm with $100,000 owned capital and $100,000 
borrowed capital suffers a loss of five percent, this is a loss 
of ten percent to the firm. Another firm with $100,000 plus 
$900,000 borrowed capital suffers a fifty percent net loss from a 
net loss from a five percent loss on the total. The above reference 
concluded that an expansion of output with exactly the same actuarial 
value of profit will be more attractive at small outputs than large. 
The larger the planned increase in output, other things remaining 
the same, the greater must be the expectation of profit to induce 


further expansion. For this reason taxation that lowers the expectation 


of profit tends to become progressively tnhtbitive upon investment, exploration, 
and research, 

Finally, we should mention the psychological impact upon the 
general attitude of entrepreneurs. In a world of uncertainty about 
the future this business attitude becomes Cncrase fal important. 
In this case one must make the economic distinction between the 
manager, who continues managing the firm in traditional ways and 
taking it in traditional directions, and the entrepreneur, who 
Carries out innovations and changes the typical methods of production 
and of doing business.° The manager, who operates routinely, 
making routine decisions, has some strong ideas about the 
probability of failure or success in particular ventures. The 
entrepreneur, who introduces innovations ,who makes radical changes, 
typically has little idea of the true probability of success. He 
frequently has a feeling for a project; he simply believes that 
some new previously unknown method of production or maketing will 
be profitable. In this sense, the entrepreneur's general attitude 
about the future becomes of primary importance . Often some small 
external change can alter the business attitude from optimism 
toward pessimism. To the extent then that taxatton dampens the attitude 
of entrepreneurs toward the future, investment, expansion, and innovation will 
be dampened also. 

To summarize, we must conclude that, theoretically, only in 

one special case will an increase in the rate of taxation have 
absolutely no impact upon output, investment, employment, 


innovation, exploration, and R & DL This is the Gase of the 


competitive industry in which all firms are earning sufficient 
profits above alternative or opportunity costs that the tax does 

not reduce any profits below what could be earned elsewhere. 
Furthermore, the supply of entrepreneurial services must be perfectly 
horizontal, dynamical considerations must be absolutely neutral, 

and the expected stream of profit must continue sufficiently 

large so that long-term investment and innovation are not diminished. 
These must be the assumptions from which one argues that taxation 
leads to"no -diminutionof output, *etc., in the Long’ run. 

Otherwise taxation has negative effects. First, firms that 
cannot cover their alternative costs leave the industry, thereby 
decreasing output, employment, and investment directly. This 
effect was shown to be particularly severe for an industry that is 
a price taker in the world market. The anticipated return from 
investment and exploration for surviving firms and prospective 
new entrants is decreased, thereby lowering output, employment, 
and investment in the future. 

This analysis about exhausts the theoretical impact of BErOLELt 
and mining taxes. Note that once we go beyond the static analysis, 
we do not argue that every firm or every entrepreneur will be 
similarly affected. Some may be affected, some may not. We only 
wish to show that some adverse effects are possible, even probable. 
is the marginal impact in which we are interested. If enough 
firms are somewhat affected these marginal effects can be 
significant indeed. Thus the magnitude of the impact on the 


variables in question must depend upon the particular characteristics 


of the industry in question. Further analysis in this area is, 
therefore, an empirical question. Much further research into 
individual industries will be necessary to determine more precisely 


the impact in specific instances. 


VI-E. EFFECT UPON TAX REVENUES 
If the mining or the corporate tax is increased; the efiect 
upon the tax revenues of the government are three-fold. This 
can best be seen with the use of an equation. If T is the average 
rate of taxation (0 < T<1), I is the average rate of profit in the 
industry, and N is the number of firms in the industry the total 


revenue from a tax is 


(7) R = TNII. 


A slight change in the rate of taxation changes revenue in approximate] 


the following way: 
(8) Sk = NI — + TI —+ IN-—. 


The first term of (8) is the additional amount of tax revenue 


if the total level of industry profit remained the same after the 


average tax rate rises. If taxes increase 10% for example (= .1 
and initial industry profits are $100 million, Ni 7 = $10 million. 


Frequently in analysis only this term is considered while the 
impact of the second and third terms are disregarded. As noted 
above, however, these latter terms may be significant. 


The second term of (8), Tae is the effect that a fall in the 


number of firms caused by the tax increase has on tax collection. 
Clearly if the tax rate rises, marginal firms leave the industry, 


Aes: The chiro cermeot (8), Tu GE) is the effect that the 


tax rate increase has on the profit rate of the average firm. (Oo) 
will be negative and its absolute value will be larger the smaller 
the control the firm and industry exercise over price. For an 
industry engaged in international sales such as the Ontario mining 
industry we would expect the absolute value of = and AT to be 
large relative to an industry which sells its product solely on 
the domestic market. Therefore the effect of taxes on the employment, 
investment, and output decisions of the mining industry would be expected to 
be larger than for industries which largely sell in the domestte market. 

These firms could perhaps shift some of the tax to consumers in the 

form of higher prices whereas a world price taker cannot. 

Needless to say, it is certainly conceivable that the second 
two terms, both of which are negative, could overwhelm the first 
term, which of course is positive. The actual impact upon tax 
revenues is therefore an empirical question. One would have to 
investigate the profit situation in specific industries to forecast 
the effect of tax changes in particular cases. This is about as 


far as it is possible to go theoretically in this area; however, 


much further empirical work is needed. 
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FOOTNOTES CHAPTER VI 


1. Recall from Chapter V that the opportunity cost to the 
entrepreneur is the return that could be obtained if the entrepreneur 
used his own resources - including his labor - in their next best 
alternative use. We will here, as we do throughout, abstract 
away from the entrepreneur's preferences for specific industries 
and assume that they will go to the highest return if given sufficient 
time of adjustment. 

2. One might suppose that a localized mining tax would 
switch some resources away from the area that imposed the tax 
toward areas with lower or no local taxation. This possibility 
is taken into consideration by the opportunity cost. For firms 
mining in Province A, the relevant opportunity cost might be mining 
in Province B. If A imposes a localized mining tax firms wall, 
leave if they cannot cover opportunity costs. The situation, 
therefore, fits that set forth in the body of the text. 

3. The remainder of this section is based upon K.E. Boulding, 
"The Incidence of a Profits Tax," The American Economic Review, 
Sept. 1945, pp. 567-572. Subsequent papers have followed Boulding's 
approach. 

4. There is another possibility. The desire for size, the 
captain-of-industry effect, may be so great that the indifference 
curves slope downward over such a long range that tangency occurs 


at an output greater than OQ The effect of a profit tax in this 


og 
Situation is ambiguous. 
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5. For a rigorous but non-mathematical and simple exposition 
of indifference curve theory and the theory of the competive firm 
and industry see C.E. Ferguson and S.C. Maurice, Economic Analysis, 
revised edition (Richard D. Irwin and Co., Homewood, Illinois, 1974). 
For a more rigorous but more complicated exposition see C.E. Ferguson, 
Microeconomic Theory, third edition (Richard D. Irwin and Co., 
Homewood, Illinois, 1973). For indifference curve theory see 
Chapters 3 and 4 of the former and 2 and 3 of the latter. For the 
theory of the competitive firm see Chapters 8 to 11 of the former 
andes,. 13. and /14eofsthe latter. 

6. It is important to emphasize that the businessman may 
carry out the functions of a manager a large part of the time and 


also those of the entrepreneur some of the time. 


See as 


VII. ECONOMICS OF ENVIRONMENTAL CONTROLS 

One must use a somewhat different methodology from that used 
to analyse taxation when dealing with the problems of environmental 
controls. Since the controls are essentially constraints upon the 
firm, the problem is one of constrained maximization. Thus the 
derivation of the results is largely mathematical in nature, and 
the mathematics are more complex than those used to analyse taxation. 
As before all mathematical derivations are confined to the Appendix 
(D). In the body of the chapter we set forth the assumptions 
and exposit the economic implications of the conclusions. First 
we discuss the problems involved. Then we discuss the economic 
impact of different types of environmental controls upon individual 
firms. Finally, we analyse the impact upon entire industries. 
Some of the conclusions are not at all intuitively obvious; in 


fact, some conclusions are rather unexpected. 


ViI-A. LY PES? Ors CONEROLS 
In effect, almost all environmental controls are in the form 
of externally imposed constraints placed upon firms. Governmental 
reasoning for the justification of these constraints takes the 
following form. A competitive tndustry produces an output such that the 
marginal eost to the firm equals the marginal social benefits to society. The 
benefits are measured by price; that is, the amount society is 
willing to pay. Ifa firm or industry pollutes the environment, it ts argued, 
soctety as a whole bears some of the costs. Since the firm is interested solely 


tn private costs, tt ignores tn tts output calculations these soctal costs. 
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They are therefore passed on to soctety in the form of pollution and output ts 
not optimal in the sense that total marginal cost exceeds total marginal 
benefit. Environmental controls are one method, but not the only 
method, used by society to force the firm to reduce the social 
costs or turn them into private costs. We might note parenthetically 
that if consumers are concerned enough, buyer pressures or boycotts 
resulting in lost sales may in some instances force the firms to 
absorb some or all of these social costs. We will ignore this 
aspect of the problem, however; since the mining industries of 
concern sell in a world market, passing over this aspect of the 
problem seems justified. 

In the case of mining, environmental constraints generally 
take five forms. First, the government limits the amount of some 
by-product of the firm's output that the firm can put Into uits 
external environment per time period. Such emission controls may 
be upon smoke, sulphur dioxide, or other gases released into the 
air or upon solids or upon reagents from tailings dams into 
flowing water. Control of acid mine water discharge into streams, 
which is not a great problem in Ontario, though of considerable 
importance in some mining districts in the United States, 
also comes under this heading. Second, such controls may be 
expressed in terms of limits of total pollutant content that may 
be present in firms' external environment. Such ambient controls, 
though apparently similar to emission controls are economically 
quite different as any single firm's action immediately affects 


the constraints for all others. Externalities or property right 
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problems emerge. Third, emission or ambient controls may be 
imposed upon a firm's internal environment. The distinction here 
ceases to be relevant as the cost of operating capital equipment 
within one firm is raised. Under this heading would come dust 

Or noise controls on some heavy machinery. Fourth, reclamation 

of land surface used by the firm during production may be required 
at the end of that firm's life. Fifth, a bond to pay for such 
reclamation may be required to be posted at the beginning of a 
firm's operations. 

For analytical convenience and simplicity let us group the 
five types of constraints into three. First consider the constraint 
upon the amount of pollution that can be emitted per time period. 

In all such cases the restriction is in the form of a 
constraint upon the profit maximizing firm. To summarize the 
problem, any increase in output increases the firm's sales revenue 
and also increases costs of production because of the increased 
usage of labor and capital. But, the increased output also adds 
to pollution. If the firm is limited in the amount of pollution 
in each period, after a point it must use resources, labor and 
capital, to eliminate the additional pollution. This additional 
labor and capital also adds to the marginal cost of the increased 
output. Therefore, if the restriction is relevant (that is, the 
firm would, if permitted, pollute more than is allowed), the total 
marginal cost of producing more output must rise. One would think 
that obviously the restriction would reduce output, and reduce the 


usage of labor and capital. This does not necessarily follow from 
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the theory. We will discuss the implications in the next section. 
The second general type of environmental restriction is the 
requirement that the environment must be restored to some 
designated level after production has ceased. In this case labor 
and capital are used to reduce pollution after production has ceased. 
The results of changes in this type of restriction are shown to be 
quite similar to those described above. The effects of the third 
general type of constraint, pollution standards upon capital 
equipment, are simply derived. This restriction merely raises the 
cost of using capital. The results are like those that follow from 
raising the price of any factor of production. The effect of this 
type is described briefly in the text. We now turn to an analysis 


of the effects of these constraints upon mining firms. 


VII-B. ENVIRONMENT CONTROLS AND THE FIRM 
Assume the typical firm that we set up in Chapter V and assume 
that there is a constraint imposed upon the amount of pollution that 
the firm can emit during any time period. Again in each period the 
firm hires labor and capital at rates w and (r+d) respectively. 
Both labor and capital can be used in two ways, to produce output and 
0 


to reduce the pollution resulting from production. Let L, and Ky 


during the t-th period. Thus, the production function is 


aq, = © (ue, rave where both marginal products are positive. Also 


and Ki 
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Assume the amount of pollution released in any one period, written 


as n,, depends upon output, dee in the following way: 
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The "production function" for pollution reduction is 
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If the government forbids the firm to emit more than a into the 


environment during the t-th period, the firm's constraint is 
= 0 0 » 1 

4 =, i = 

(4) n, — hf, K.)] o(L., K.) = 0. 


That is, the firm may pollute in a period until n, is reached. 
Beyond this level the pollution emitted by using additional Ly 


and K must be eliminated by using additional ie and Ka Thus the 
total cost of producing beyond the point at which Tye is reached 

is the cost of the inputs used to produce output plus the cost of 
inputs used to reduce pollution. We assume that the restriction 


is severe enough that the firm would pollute more than ies ales Lt 


were free to do so. If the constraint would not be met, the 
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problem is trivial - the constraint has no effect. We also assume 
that the profit maximizing assumption limits the firm to meeting 
the constraint by reducing pollution no more than is required by 
the constraint. Thus, the equality sign holds. 


The firm maximizes its present value, written as 


H 
AW Gs 0 0 
PV=EXr (< - - 
(5) fe cpa {Pf£(L; KL) wh (r+d)K }, 
subject to 
ae Ag Ones 0 i aes oe oe 
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It is logical to assume that a reduction in the constraint would 
lower profits and an increase in the amount of pollution allowed 


would increase profits. 


The firm has four choice variables during any period of 


: 0 oe , 
time: Ly ms Ke and Ky The maximization of present value 


requires that for all t 
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t 
where the previously undefined terms in equations (7) - (11) are 


defined as follows: 
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(MP) and (MP) are the marginal products of labor and 

capital in terms of output; both are positive, 

(MP) and OP KE are the marginal products of labor and 

capital in terms of reducing pollution; 
since it is assumed that labor and capital 
can reduce pollution, these terms are negative. 
4, a factor of proportionality, is the shadow 
price of a change in the pollution constraint; 
i.e., X% is the ratio of the change in 
present value of the firm to a change in the 
amount of pollution allowed per period, or 
d= A(Z(L/14r) “1, 1/4n, - Since an -increase in 
the permissible pollution, n.» increases 
profits, \ is positive. 
For convenience we shall drop the "t" notation in the subsequent 
discussion. 

First equation (7) simply states that in equilibrium the 
constraint must be met. The other results do not follow so 
trivially. Equations (8) and (9) show that the firm will use 
labor and capital to produce output until the full values of theiz 
respective marginal products are equal to their respective wage 
rates. In this case, as opposed to the non-constrained cases set 
forth in previous chapters, the value of the marginal product is 
not the price of the commodity times the marginal product of the 
input. The value of the marginal product is lower in the constrained 


case. The difference lies in the total effect of changing either 
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tieor n°, When pollution is restricted, a unit of input adds the 
commodity price times the marginal product to revenue, but the 
marginal product (or increased output) resulting from the increas 
in the input also adds to pollution at the rate ,gyn/aq, which is 
positive, and additional pollution above the constraint decreases 
MroOLwt et the rate’). Therefore, the total values of additiona 


labor and capital are (PB - Adn/dq) (MP) 0 and (P - Adn/Aq) (MP). 


S 


i 


This is what we meant in section VII-A above when we implied that a 


constraint could change a social cost that is not a private cost 
into a pure private cost, Thus a constraint can to some extent 
internalize an externality. Since the wage rate, the return to 
capital, and the rate of depreciation are parametrically given, a 
reduced net return to both inputs after a constraint would seem t 
imply a reduced usage of both inputs. From this model, however, 
this last implication need not hold. 

Equations (10) and (11) show that the firm will use labor 
capital to reduce pollution until values of marginal products in 
uses equal respective rates of return. The value of an input's 
marginal product is the shadow price of an additional unit of 
pollution times the rate at which that input reduces pollution. 
might note that the assumption of aiaee < 0 and An/aK> /j, aGce. 
that marginal products in reducing pollution are negative) along 
with positive rates of return imply in equations (10) and (11) 
that the shadow price, 4, is positive, a conclusion that has been 
until here merely asserted. 


We might note in passing that equations (2)sandw(L0)iimel 


oO 


and 


these 


We 
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that in equilibrium 


(i2) (MP).1 ~, An 


and equations (9) and (11) imply that 


(MP) 0 d 
ae (AE Se eal 
K aKa, 


which in turn implies that 


(MP), 0 (MP), 1 


(14) Bide ii sat 
(P),0 ~ (iP) 1 


Thus the firm allocates a given amount of labor until the ratio 
of the marginal products in each occupation, producing output and 
reducing pollution, equals the ratio of the returns in each 
occupation. The same thing applies to capital. From (14) the 
ratio of the marginal product of labor to the marginal product of 
capital is the same for either occupation. 

We have deduced that changing from no constraint to some 
positive finite constraint may decrease the usage of labor and 
capital used to produce output and increases the amount of each 
used to reduce pollution (obviously, none of either was used in 
the latter occupation prior to the constraint). Which effect 
prevails cannot be deduced from the model thus far, and so we 
cannot deduce here the net effect of imposing a constraint upon 
employment or investment. 

From our model thus far it need not be the case that both 


labor and capital used to produce output would increase after 
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a pollution constraint is imposed. Neither must output decrease 
unambiguously from our model. Let us analyse the situation 
graphically. 

Suppose first that capital is fixed and only labor is free 
to vary. Let there be no pollution constraint so that the value 
of the marginal product of labor is price times the marginal 
product of labor - in our notation P(MP),0. Thus the value-of- 
marginal product function is VMP = P(MP),0 in Figure 1. The firm 
uses labor up to the point that VMP equals the wage rate at OL units. 
After a pollution constraint is imposed with a fixed amount of 
capital\the value of marginal product curve becomes Vitis (P=) (HP), 0. 
The firm now uses i units of labor, and output also must fall. 
But if capital is free to varyalso, it zs possible for the new 
curve at the new level of capital usageVto shift upward to 
Vales (Pag) (HP), 0. In this case the firm would increase labor 
usage to OL5: One cannot say unambiguously what happens to output. 

Or one possible situation could be as depicted in Figure 2. 
When the firm is free to pollute as much as it wishes, the profit 
function is given PY A My a: Maximum profit is attained at output 
Oq. Next let the pollution constraint be imposed at yn; the profit 
function is now shown as Th ees Until output Oq’ the firm pollutes 
less than the constraint ena proties are the same whether or not 
the firm is constrained. Since at outputs greater than Oq’ the 
constraint becomes effective, profits are lower at every larger 


output. That is, at outputs larger than Oq' the firm must use 


resources to decrease pollution, and these resources are costly. 
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But profits may attain a maximum at a larger output than that at 
which unconstrained profits are maximized. This situation is 
shown in Figure 2 where the constrained profit maximizing output 
is 04, which is greater than the unconstrained Oq. It will be 


shown below that under rather realistic assumptions about the 


production function this type of situation cannot occur. It is 
not, however, apparent from the model set forth in equations (7) - 
ae 1 

To get at the problem more rigorously we assumed that a pollution 
constraint that had been long imposed was parametrically changed. 
We then (as shown in Appendix D) displaced equations (7) - (11) 
subject to An#O. To obtain the results that we set forth below, 
we imposed mathematically several rather realistic assumptions. 


We assumed first that all inputs are subject to diminishing 


marginal productivity. Thus, 


A(MP).0 A(MP)_0 
(14) —I- <0 and — < 0, 
AL AK 
and 
ACHP) 1 AQMP) 1 
(15) > 0 and | > 0. 
AL AK 


Equation (14) is obvious. In (15) recall that the marginal product in 
pollution reduction is negative. Thus if marginal product decreases, 
it becomes larger (approaches zero) algebraically. We assume also 
that an increase in one productive input increases the marginal 


product of the other productive input and that increases in one 
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pollution-reducing input increases (absolutely) the marginal 
product of the other pollution-reducing input. We assume that the 
rate of pollution (An/Aq) can increase , decrease, or remain 
constant with changes in output. 

From the mathematics in Appendix D we deduced unambiguously 
that 


AL 0 
(16) au > 0 and aS She 


An An 
These results indicate that theoretically the labor and capital 
used to produce output are increased when an increase in the amount 
of pollution allowed in a period is enacted. Productive labor and 


capital are reduced when the pollution restriction is tightened. 


ee nn LS 


the use of mathematics. 

Stnee labor and capttal both tnerease (decrease) from an tnerease (decrease ) 
tn the permtsstble pollution, output always varies directly wtth the amount 
of pollution allowed. Again this result was expected but was 
certainly not transparent when the model was first set up. 

However, while the effect of changes in y upon output and 
productive labor and capital can be unambiguously determined, the 
effects of changes in the pollution restriction upon the resources 
used in pollution reduction, Ly and Ki, and therefore upon total 
resource usage are in some cases not transparent. 

Obviously, if one goes from no constraint (n > ~) to some 


finite constraint, n, the usage of labor and capital used to 
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reduce pollution cannot decrease since ree and xt are both zero 

when there is no constraint. However, if one goes from a finite 
constraint to another finite constraint the effects on na and xi 
are ambiguous, and depend upon what is assumed about the way in 


which changes in output affect the rate of pollution; that is, the 


effect varies according as 


Clit A (An/Aq) 
Aq 
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Quite possibly in a large number of cases the most appealing 
assumption is that equation (17) equals zero: that is, output 
creates pollution at a constant rate. For example, one ton of 
minerals extracted produces a certain level of pollution of 
surface water and of air no matter whether that ton is the first 
or the last produced. It is shown in Appendix D that with a 
constant marginal rate of pollution aut /an and oie are negative. 
In this case input usage to reduce pollution increases when the 
restriction is tightened (n decreases) and decrease when the 
restriction is relaxed somewhat (n increases). In this case one 
cannot derive unambiguously the effect upon total labor and total 
capital, because from (16) the effects are to some extent off- 
setting. When n decreases, less labor and capital are used to 
produce output and more are used to reduce pollution. The total 
depends on the relative size of the two effects. Sime Lardy et 
is shown that when equation (17) is negative (pollution increases 
with output but at a decreasing rate), is and kt also vary 


inversely with the amount of allowable pollution, n. In both the 
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above cases the more stringent the restrietton upon how much the 
firm can pollute, the more labor and capttal used to reduce 
pollutton. 

This deduction seems logical. We have shown above that 
productive labor and capital, i and eo are increased when the 
allowable pollution is increased. Therefore, output increases also. 
Tf the firm is. allowed to polidute’ more,’ it will reach a new 
equilibrium at which the returns to labor and to capital are the 
same in Gach usev It will’ do this in two ways; by increasing 
output, and hence pollution, and by decreasing the amount of labor 
and capital used to decrease pollution. It would not use the same 
amounts of anti-pollution inputs while increasing output until the 
point at which the new restriction is reached. With (17) negative 
or equal to zero the returns to additional productive inputs fall 
as their usage increases. Therefore, the firm can increase profits 
by decreasing the costs involved in pollution prevention, because 
the returns in this area are now smaller than before. Analysis is 
Simisamtor aetightening of the restriction. “Thus in’ these cases 
the change in the usage of an input in pollution reduction to a 
greater or lesser extent offsets the change in usage in production. 

On the other hand we have shown in the Appendix that when 
equation (17) is positive, that is when increased output leads to 
an increased rate of pollution, Nae Ae and he an may be positive, 
although not necessarily. This circumstance can only occur under 
rather stringent mathematical conditions, but theoretically it can 


Secur, > Le aut yan and ax /an are positive it must be because the 
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marginal pollution cost for increases in output falls so much that 
the marginal returns to productive labor and capital increase over 
a range. The firm finds it profitable to increase output beyond the 
level at which the new constraint is reached and then to reduce 
pollution to the constraint with more rather than with less anti- 
pollution dabor and capital... Inveny case AL’ /An and AK*/an cannot 
be positive over the entire range of possibilities. If there is no 
restriction, that is if yn >-«,then no is or xt is used. Whena 
relevant restriction is imposed marginally, n is reduced, and some 
oo and xt are used. Thus in this instance Tie and i must vary 
inversely with ne 

In any case an tnerease tn the permttted pollution causes an 
inerease tn output, productive labor, and productive capital. From 
the equations set forth one cannot predict what happens to total labour 


and capital. When Atan/Ag) 0, anti-pollution labor and capital 
q > 


are decreased, which offsets to a greater or lesser extent the 
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increase in productive labor and capital. when “Gn/tq) , OsUE and 
xt may increase or decrease. A priori one would suppose that the 
increase in productive labor and capital would more than offset any 
reduction in the other type. But further analysis must be empirical 
in nature.’ The opposite effects hold for a tightening of pollution 
standards. This about exhausts the theoretical analysis of a 
specified constraint on the amount of pollution permitted in each 
time period. 

Now let us turn to the case in which there is no restriction 
upon the amount of pollution in each period, but at the end of some 


relevant period of time the environment must be returned to 
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some specified level. Assume the same production function as in 
the above model, q = f(Li, Ki), the same return sto. wcapital,..the 
same wage rate, and a time horizon of H periods. Total pollution 
is a function of the rate of output in each period. We call the 


new total pollution function 
(18) LO Wi h(q,;5 o> Ga So oes qyp)- 


For simplicity, this time we will assume a constant marginal rate 
Crpollution vateal | DOutpurseCver all periods ,.:1...e..4. equation, .(.17) 
equals zero. If we did not make this assumption, the rate of 
pollution in each period would depend upon the level of output in 
each preceding period. This complication would make the problem 
almost unmanageable mathematically. We will make two other 
simplifying assumptions for mathematical simplicity. First the 
firm expects a constant input and output price level over the 
horizon. Secondly, we assume that the firm waits until the period 
aqevereitss production mori zon to clean) up any pollution and “attain 
the allowed level. In other words we assume the pollution 


prevention function is 


(19) n= Whe Kay 


and that An/AL and An/AK are negative. All equation (19) says 
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is that the firm will use labor and capital in all periods until 
He (Then 1 bewil leuse slabos “and capital an «thernext period to reduce 
the total pollution to an acceptable level, that is, to the 


required level. We make the same assumptions as above about the 
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marginal products of Labor and Capital in production and in 
pollution waduer ron 

Since the firm expects prices to remain constant it seems 
logical to assume that it would postpone pollution reduction as 
long as possible. A unit of input now costs its wage rate; a unit 
t periods from now costs ((qy (itr) *) times its wage rate. The firm 
increases profit by postponing costs. It also seems consistent 
with observation to suppose that the firm would wait until the end 
of a period of production to plant trees, for example, or to 
reclaim land in some other way. 

Under the above assumptions, the present value function to be 


maximized is 


H 
1 
PV=5r ~—— {P£(L., K.) - wh, - (cHI)K,} -...- 
t=1 (14 a t & t t 
(20) al 
— ————_ (w + (r+) ) 
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subject to 


[In - h(q)> dys + + +> Gy) — VOY Kua)! = 0. 
where n is the permitted environmental level after production has 
ceased. 
As would be expected the first order conditions are quite 
similar to those in the above model in which pollution was 
constrained in each period. From the mathematics in Appendix D 


we derived the following five equilibrium conditions: 
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(22) (B= pe bat aig Een ee eae) pe HT) 
(23) (Bae ee = (rtd) (tal, cen sae a EL) 
(24) “AAn/AL =w 

(25) “hbn/dLay = (rt) 


Equation (21) shows simply that the constraint must be met. 

Equations (22) and (23) show that the firm uses labor and capital 

in each period until the full value of each marginal product 

equals the respective rate of return. The full value is not simply 
price times the marginal product. It is price less the shadow price 
of a reduction in the constraint (A) times the rate at which output 
increases pollution, all times the marginal product. A unit of 

output is worth to the firm the price of that output less the value 
of the pollution caused by that output. Equation (24) and (25) 
indicate that the firm will use labor and capital to reduce pollution 
in period (H+1) until the marginal product of each input in this 
activity times the value of this activity, .}, equals the rate of return. 
The right-hand sides of (24) and (25) are positive since the marginal 


products in pollution reduction are negative and .\ is positive. 
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In Appendix D we let there be some finite constraint n, then 
we changed the constraint marginally and derived the results under 
the above assumptions. We found that AK, /dn and Ah, /An were positive 
for allt < H.A relaxation in the constraint increased factor usage. 
The effect of changes in pollution standards upon output and 
productive inputs is similar whether the restraint is imposed 
during production or after production has ceased. The effect of 
post-productton constraints ts less severe because payment to the 
tnputs that reduce pollutton are less than payments in the present 
pertod. That is, further payments are discounted into the future. 
The effect of changes in n upon labor and canital used to reduce 
pollution were unambiguous under the present assumptions. An 
increase (decrease) in the amount of pollution allowed decreases 
(increases) the amount of labor and capital used to reduce pollution. 

To summarize, when the pollutton restriction ts postponed, 
productive labor and capttal and hence output vary dtrectly wtth 
the amount of potlutton permitted. The restriction ts not so severe 
when the reductton can be postponed because factor payments are 
dtscounted. The amounts of labor and capital used to reduce pollution 
vary inversely with the amount of pollution permitted. One cannot 
say a priori what happens to the total labor and capital used, 
although quite probably the productive effect dominates. 

The effects of pollution standards on capital equipment are 
easily dealt with. A pollution standard on something like exhaust 


fumes is the same as an increase in the price of capital, because 


Se PAC lata 


the standard simply raises the operating cost. Therefore, this 
case can be treated exactly as economists treat the theory of 
factor demand. From this theory it has been shown that an increase 
in the price of an input unambiguously decreases the usage of that 
input both by the firm and the industry. As long as the input is 

a normal input (normal in the sense that an increase in output 
induces an increase in the input at constant input prices) an 
increase in its price reduces output. The effect of a change in an 
input's price on the usage of another input cannot be deduced a 
priori without further restricting assumptions. In the case 
discussed here, an increase in the price of capital would no doubt 
decrease the usage of labor, since these are the only two inputs. 

To summarize, for the firm, in all cases an inerease in the 
severity of envtronmental controls wtll decrease output. In all 
eases thts will decrease the usage of productive capital and tabor 
-t.e., decrease tnvestment and employment. In all probabtlity since 
productive labor and capttal outwetgh the labor and capttal used to 


reduce pollutton, both labor and capital usage wtll decrease. 


VII-B. THE INDUSTRY 
The static effects of the imposition of environmental controls 
upon mining industries is two-fold. The primary effect is through 
the impact upon the individual firms making up the industry. This 
impact has been thoroughly described in the preceding section. 
The industry will be affected by a multiple of the number of firms 


surviving times the effect upon the average surviving firms. 
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In addition, there is the effect of the reduced profits 
upon marginal firms and upon long-term investment in the industry. 
A tightening of environment standards must decrease profits, just 
as an inerease in the rate of taxatton decreases them, The marginal 
firms - just how many firms are marginal depends upon the original 
profit situation and upon the severity of the constraints - will 
find that they cannot cover opportunity costs and in the long run 
they will leave the industry. Marginal deposits that were previously 
profitable to exploit will become unprofitable at the going prices. 
The situation will be similar to that described in the case of 
taxation. Similarly, the exit of firms will be greater, because 
the industries are price takers on the world market. As discussed 
in Chapter VI, when an industry has an effect on commodity price, 
the increase in price caused by the decreased supply of the exiting 
firms would cause the impact of the constraint to be less severe. 
If price does not rise as firms exit, exit will continue longer, 
because firms or deposits that would be profitable at higher prices 
cannot cover opportunity costs. Thus as with taxation the impact 
of constraints is most strongly felt when the industry as a whole 
has little influence upon the world price. There is little point 
in repeating the analysis of the dynamic effects of constraints. 
Anything that distorts the long-run profit situation will dampen 
investment somewhat. In the case of environmental constraints the 
dynamic analysis is substantially the same as that discussed in 
Chapter VI for taxation. 


This completes the theoretical analysis of the impact of 
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taxation and environmental controls upon mining industries. We do 
not mean to argue that taxes should not be tevted or controls should 
never be enacted. We have ignored any benefits of the taxes or of 
the environmental controls. Certainly there are benefits to both. 
Our purpose has been simply to analyse the tmpaet upon the tndustrtes, 
not to analyse the total effect upon soctety as a whole. We have 
tried to show that there are costs tnvolved tin these regulations and 
that these costs can be substanttal. Certainly one must weigh 

these costs against the benefits of the controls before making a 
decision. The existence of these costs has theoretical implications 
as we have shown; the magnitude of the costs is an empirical 


question, to which we now turn. 
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VIII DATA PROBLEMS AND SOME EMPIRICAL RESULTS 


The policy analyst is interested in both qualitative and 
quantitative impacts of various policy decisions. He wishes to 
know not only that reducing profit taxes will affect employment but 
by how much. By developing a formal model and specifying it 
empirically we can make estimates of the quantitative impact of 
various policy decisions. Such an empirical specification provides 
a sound basis for decision making. Unfortunately the data base 
required to produce an empirical specification of even a simple model, 
such as developed in Chapters’ Vv ‘through, Vil, 2s difficult co sobtain, 
Data have historically been collected to yield a chronology of events. 
As additional data became available series have been redefined so 
that time trends are often not comparable for any significant length 
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III-A. DATA REQUIREMENTS 

In order to make any empirical estimates, there must exist 
historical data that yield a record of the impact of past policy 
changes. The purpose of a formal model is to identify all the relevant 
parameters which affect the target variables. If we wish to determine 
the impact of profit taxes on employment, for example we must know 
the variables other than taxes which affect the firm's and industry's 
demand for labor. Given the variables which affect employment we 
may use multiple regression analysis to determine the effect taxes 


have on employment independent of other parameter changes such as 
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wage changes, price changes, etc. 

No data are totally accurate. What is required for the 
specification of the employment, investment, and output functions 
is reasonably accurate data (10% error) so long as the data are 
systematically biased. Such a systematical bias is more or less 
assured if the data are collected in the same manner over a prolonged 
period of time. Changes in the method of data gathering can greatly 
distort a time series even if the new method is more accurate than 
the old method. To generate consistent and comparable time series 
we must attempt to correct the raw data for the changes in the method 
ef collection over times,” Forvexample, in 1958 tax data for the 
Mineral industry were collected and presented as a sum of taxes 
paladsby tive important divisions of the mineral industry. By 1970, 
data were collected and presented for six important divisions, 
by important divisions. Such data can be used in time series 
analysis only if the various series are developed in overlapping 
periods and spliced together to generate a single consistent series. 


Such splicing may be done simply as follows: 
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Spliced 
Series Series Series Series 
a 2 3 (Union) 
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If overlappings such as a De cand. oO c, are available the splicing 


Ae) cee aa 
procedure is simple but if overlappings do not exist they must be 
generated from the raw data collected by the data source. 

Another problem results from the fact that recorded Sate 
are often partly endogenous. For example, let us look at mining 
taxes. If one takes mining taxes paid divided by total taxable 
profits to be the definition of the mining tax rate (as is done in 
the study), several problems are encountered. (1) Output, employment 


and investment are dependent on the tax rate so that the profit 


generated and the tax acturally paid show not only the effect of the 
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rate charged but it shows also the impact of the rate on the 

firm's behavior. (2) The problem is further complicated by write- 
off options and tax credits on new investment. Yet the actual tax 
rate for the industry does not exist since the firms operating in 
the industry face a tax rate which is dependent on their profit 
level. For each firm there is a relevant exogenous tax rate but for 
the industry we must seek some weighted average. One such average 


might he 


1) 3 RL ° if R2e 2 eee Rn n 


where T is the mean industry tax rate, T is the tax rate on 
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firms in tax classification 1 “and Ty is the total profits of firms 
in classification one, and so focen. 

Another problem arises from the absence of information. 
If we know employment and the total wage bill we can gauge average 
yearly wage per employee, but we do not know if the variance in this 
figure is due to variations in the wage rate paid or the hours 
worked. 

We then have three major types of data problems: “(1 
inconsistent methods of collection and inconsistent base units, 
(2) index number problems in gauging mean values from market data, 


(3) absence of essential data inputs. 
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III-B. EMPIRICAL ANALYSIS 


The purpose of the empirical analysis below is simply to 
demonstrate the feasibility of empirical analysis employing the 
model developed. For demonstration purposes the investment function 
is estimated for the mineral industry. The investment function is 
assumed to be linear in the logs of its arguments so that the 


equation to be estimated is 
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Equation (2) is assumed to be linear in the logs of its arguments 
so that estimated coefficients will be equals to elasticities (i.e., 
By = % change in I3% change in w). There are no good data on the 
mean depreciation rate of the industry so that (d) is dropped as an 
explanatory variable. Such an assumption is equivalent to assuming 
that the depreciation rate was invariant over the period of analysis. 
Further, adequate data are presently not available to allow 
specification of the impact of environmental standards so that the 
pollution constraint is dropped as a variable. 

Since the model of Chapter V is stated in real terms we must 
deflate the nominal units of price and value data by a price index 
to convert to real values and eliminate the impact of price 
inflation: 

Dave A price deflator for Ontario = the wholesale price index 
for Canada. (The validity of such a proxy depends on the degree to 
which wholesale price changes in Canada parallel wholesale price 


changes in Ontario). 
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For the purpose of the empirical specification of equation 
(2) the dependent and independent variables are now defined as follows: 

I= C/P where C = Capital and repair expenditures in the 
mineral industry of the Province of Ontario = capital and repair 
expenditures in the mineral industry of Canada. 

(The use of Canadian data as a proxy for Ontario data assumes 
that the proportion of total Canadian mineral investment which has 
occurred in the Province of Ontario is a constant.) 

w= W/P where W = mean wage rate in mining in the Province 
of Ontario = Total wages & salaries bill of the Mining Industry in 
the Province of Ontario divided by Total Number of Employees. (Such 
a definition yields a yearly wage but since no information was 
available on hours worked in mining we cannot determine how much of 
the variance in W is due to changes in the mean wage rate and how 
much is due to variance in mean hours worked per year. However, 
available data on average weekly hours worked in manufacturing show 
little variance over the 1961 - 1972 period for which data is 
available. If mining has followed a similar pattern the wage data 
available may largely reflect changes in the wage rate and not 
changes in hours worked.) 

p= P/P it where P = a weighted price index of mineral resources 
produced in the Province of Ontario = wholesale price index of the 
mining industry (non-ferrous metal). The wholesale price index of 
the mining industry (non-ferrous metal) is a national price index 
the weighting of which may differ substantially fron ner correce: 


weightings for Ontario. The raw prices themselves are probably 
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acceptable since mineral resources sell on a national and inter- 
national market.) 

R = mean interest rate at which funds are borrowed to invest 
in capital in the mineral industry in the Province of Ontario = 
industrial bond yield average (June of each calendar year). 

_ = Provincial corporate income tax rate = estimates supplied 
by the Ministry of Natural Resources, Province of Ontario. 

p = The percentage of profit derived from mineral extraction. 

Th = Provincial mining tax rate for Ontario Mining Industry = 
mining taxes paid in Ontario divided by total Ontario Mining Industry 
Taxable Profits. (Both taxes paid and taxable profits are dependent 
on firms' production decisions. Further, the existence of write- 
offs and other optional decisions makes the series highly variable 
from year to year.) 

Employing multiple regression analysis to estimate the 


investment function (equation 2) yields 


(3) log I = 2.83+ 1.21 log w+ 2.64 log p - 0.03 log R 
(1.30) (2.41)* (-0.03) 


+ 0.18 log T, + 0.77 log (oT,) (R? = 188) 
(0.25) (0.26) 
where t values are in parentheses below the estimated coefficients 
and (*) indicates statistical significance at the 5% level. From 
equation (3) it is evident that variances in w, p, R, Tp, and eT 
explain most of the variance in investment (88%). Only one variable 


can be said to significantly affect investment, when significance 
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is measured as a 95% confidence interval, the price of mineral 
resources. 

When we institute a step-down procedure to eliminate 
variables which are least significant until the remaining variables 


are statistically significant at the 5% level, -we generate 


log I = 3.11 + 1.42 log w + 2.46 log p 
(4) (4.42) * (3.60) * 


(Re ee sayend(D. (Ws = 1259) 

Equation (3) indicates that 88% of the variance in the total 
investment expenditure of mining firms in the Province of Ontario 
is explained by variances in the wage rate and the price of mineral 
resources. The coefficient for the price of mineral resources 
suggests that a 1% rise in the price index for mineral resources 
produces a 2.46% increase in real investment in the mining industry 
of Ontario. The coefficient of the wage rate suggests that a 1% 
increase in the wage rate faced by the mining industry produces a 
1.42% increase in investment in the mining industry of Ontario. The 
existence of a positive and Statistically significant coefficient 
for the wage rate suggests that labor and capital are substitutes 
in mining and that as the wage rate rises, other things remaining 
fixed, the quantity of capital purchased rises to substitute for the 
more expensive labor. 

The coefficient of the interest rate was not statistically 
significant. Ay eesdacests that during the 1956 - 1972 period 
the effect of prices and wages so dominated investment decisions that 


the interest rate which varied from 4.44% to 8.34% dia not 
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significantly affect investment decisions. 

Likewise, the coefficients for income taxes and mining taxes 
were not statistically significant. There are, of course, numerous 
possible explanations for this finding. As far as Provincial corporate 
income taxes are concerned they did not change very much over the 
period. They were 72%in 1950, Lit @rrom 195 /—*19662and) 125 from 
1967 - 1972. The fact that investment expenditures were not 
significantly related to profit taxes may therefore simply indicate 
that in the range of taxes charged the effect taxes had were swamped 
by price and wage changes. Secondly the fact that profit taxes and 
mining taxes are not significantly related to investment spending 
in the mining industry may simply reflect the fact that we have a 
poor measure of the effective tax rate on profits mining firms 


face. 
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FOOTNOTES TO CHAPTER VIII 


1) Federal corporate taxes were not included in the study because 
of the impossibility to obtain, within the time available, the 
necessary data over a sufficient time period and reduced to a base 
compatible with available Provincial date. However, Federal 
corporate taxes, though considerable (50% of profits calculated on 
a different base) did not change significantly during the 1956 - 
1972 period, and were assumed a constant. Their relative magnitude 
may be gauged from Figures 5 and 6, Chapter I. 

2) See Appendix E - 14 for a representative breakdown. Note that 
from metal mining on the whole Federal corporate income tax revenue 
3s between 3.5 and 4.0 times Provincial corporate income tax 


revenue. 
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1X CONCLUSTONS AND DIRECTIONS FORVIHE FUTURE 

The purpose of the study upon which this paper was based 
was to develop a preliminary economic model for the Ontario mining 
industry in order to enable the assessment of the impact of taxation 
and of environmental legislation upon investment, employment and output, 
as well as upon entry and exit of firms, and to attempt to verify 
empirically within the given time and data limitations the impact 
of some key variables. 

We have used a rather general and also rather simple theory 
to analyze the possible effects of taxation and environmental 
controls upon the mineral extracting firms and industries. We have 
deduced from the model under the general assumptions certain a 
priort effects upon output, investment, and employment - all of 
whitch were found to vary inversely wtth taxatton and Ape severtty 
of controls to a greater or lesser extent. We have also attempted 
to isolate those variables that affect the decisions of the firms. 

The report developed step by step suitable firm and 
industry models. The effect of profit taxation upon the profit 
maximizing firm) within the industry is' not fatal as long) as the 
effective tax rate is less than (100% of profits minus opportunity 
cost). A greater rate leads to exit. 

Even an increase to a level lower than 100% reduces entry 
(which here includes much of what is conventionally referred to as 
expansion) and thus future output and employment as changes in rates of 
taxation do not affect risk and uncertainty levels. As some 


firms in any industry are generally marginal, significant increases 
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in relative taxation levels lead to exits, a reduction in the 

number of firms, reduction in production levels and reduction of 

ore reserves. If tt ts a policy goal to reduce output and employment 
as little as possible, the worst type of tndustry to tax heavtly 

is one that sells on world markets. Changes in taxation levels 

have three effects upon tax revenues, only the first of which is 
generally considered: The direct effect, if aggregate profit levels 
remain the same, and the effects due to a fall in the number of 

firms and due to a fall in the profit level of the average ig a ei 

The latter effects can overwhelm the former. 

Types of environmental controls were classified and the 
effects of changes in emission controls traced through the model 
paralleling the preceding analysis of taxation changes. Within 
the limits of this project a detailed analysis of ene controls 
which raises a host of additional problems was not incorporated. 

On the firm level a tightening of restrictions leads to a reduction 

in output but effect on input usage ts generally ambtguous. Analysis 

is then extended to the industry and this difference between the effects 
of taxation and of environmental legislation changes 1s, MuLeLplied. 
While the effects of both are thus in the same direction as regards 

exit and entry, changes in environmental constraints affect 

surviving firms in ways that changes in profits taxation do not. 

Chapter VIII first focused on the weaknesses in the existing 
data base - much Statistics Canada material is virtually useless 
for serious analysis - and pointed to future data requirements. 


Although empirical analysis was constrained by data limitations, 
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stepdown multiple regression yielded some interesting results. 

Over the past two decades, effects of taxation changes, if any, were 
swamped by changes in metal prices and labour costs. 88% of variance 
in total investments is explained by changes in these two variables. 
A one percent increase in the price index for minerals results in 

a 2.46% increase in investment (expansion) and a one percent increase 
in the wage rate leads to a 1.42% increase in capital investment 
(substitution). 

The first requtrement for further emptrical analysis ts the 
development of an adequate data base. 

The pilot study confined itself to the impact of the two 
major types of taxation imposed by the Province: the Provincial 
corporate income tax and the Provincial mining tax.? But government 
extracts revenues from the mineral industry also by Sever means, 
such as acreage taxes, royalties, licences and mining leabesee LUeLs 
conceivable that, for instance during extended periods of very low 
metal prices, these forms of "taxation" may assume greater importance 
than at present. Also, their rates may be changed. Other 
jurisdictions impose taxes upon gross revenue, upon reserves and 
upon capital assets. Anticipating discussion of such "other" forms 
of taxation, incorporation of the analysis of their effects is 
required for the development of: a truly comprehensive model. The 
same is true for the economic analysis of such instruments as 
processing allowances for tax calculations. 

The analysis of environmental controls confined itself to 


the effects of simpler types of constraints. Expansion is 
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required with respect to ambient controls, constraints not upon the 
individual firm but upon the total amount of pollution in a given 
environment. This type of situation leads to externalities in that 
any one firm acting alone imposes pollution costs on all firms in 
the area inasmuch as its pollution adds to the total. 

Another important facet to be developed will be the analysis 
of environmental controls on the firm's investment in capital. 
Whereas the firm hires labor and many other inputs by the hour, the 
day, the week, etc., it generally owns its capital. In this case 
capital is a stock rather than simply a flow. But under the 
assumption of capital ownership we can deduce the effect of controls 
upon the age of the capital owned and upon the rate of depreciation. 
This will involve a model that is rather complex. Also considered 
must be the way in which the rate of pollution in Sioa enon 
affects the rate in other periods. This change also complicates 
the model a great deal. As work proceeds it is quite probable that 
further theoretical modifications will arise. 

Possibly another direction in further theoretical analysis 
would be to adapt the models to specific mineral industries. Each 
industry has its own peculiar characteristics. The models set 
forth above have been general models, in which a broad general 
approach is taken. If one wished to learn the specific effects 
one must use more specifically oriented theories that incorporate 
the specific characteristics of the firms and industry. Ths 
approach, combined with rigorous empirical analysis would give a 


much better insight into the individual cases a policy maker 
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wished to analyze. Of course, the generality of the theory set 
forth above would be lost. Yet another possible extension would 
be to complicate the general analysis by assuming, for example, 
interdependence among the different periods - that is, by using a 
more dynamic approach. That approach would be useful only to the 
extent that it gives a better general insight. Complication for 
the sake of complication certainly has no place in any economic 
theory. Probably the most useful approach would be to make the 
general theory more specific in order to analyze industries or 
groups of industries. We have as noted ignored these peculiar 
institutional characteristics for the sake of generality. 

Lastly another phase of possible development would be to 
integrate the model of the mining industry into a general macro 
model of the Ontario economy. Such a model would give the policy 
analyst an index of the impact the mining industry's employment, 
output and investment expenditures have on the Province as a whole. 
The macroeconomic model would yield the full ramifications on the 
Ontario economy of changes which occur in the mining industry and 
could be. used in ‘conjunction with national models such as the 
Candide model to gauge the national impact of changes which occur 


in the Ontariovemining mndustry, 
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Appendix A: Sections 91, 92 and 109° of The British North 


America Act 


From: 


A Consolidation of 


THE BRITISH NORTH AMERICA ACTS 


8 Gilet HLIGS 


Prepared by 


ELMER’ A. DRIEDGER,Q.C., BAs, LL.B.,; LL.D. 


Deputy Minister of Justice and Deputy Attorney General of Canada 


Department of Justice 


Ottawa 


91. 


— tage 


Powers of the Parliament. 


It shall be lawful for the Queen, by and with the 


Advice and Consent of the Senate and House of Commons, to make 


Laws for the Peace, Order, and good Government of Canada, in 
relation to all Matters not coming within the Classes of Subjects 


by this Act assigned exclusively to the Legislatures of the Provinces; 
and for greater Certainty, but not so as to restrict the Generality 


of the foregoing Terms of this Section, it is hereby declared that 
(notwithstanding anything in this Act) the exclusive Legislative 


Authority of the Parliament of Canada extends to all Matters 
coming within the Classes of Subjects next herein-after enumerated; 


that is to say, - 


lee 


The amendment from time to time of the Constitution 

of Canada, except as regards matters coming within 

the classes of subjects by this Act assigned exclusively 
to the Legislatures of the Provinces, or as regards 
rights or privileges by this or any other Constitutional 
Act granted or secured to the Legislature or the 
Government of a Province, or to any class of persons 
with respect to schools or as regards the use of the 
English or the French language or as regards the 
requirements that there shall be a session of the 
Parliament of Canada at least once each year, and that 
no House of Commons shall continue for more than five 
years from the day of the return of the Writs for 
choosing the House: provided, however, that a House 

of Commons may in time of real or apprehended war, 
invasion or insurrection be continued by the 

Parliament of Canada if such continuation is not 

opposed by the votes of more than one-third of the 
members of such House. 


The Public Debt and Property. 
The Regulation of Trade and Commerce. 
Unemployment insurance. 


The raising of Money by any Mode or System of 
Taxation. 


The borrowing of Money on the Public Credit. 
Postal Service. 

The Census and Statistics. 

Militia, Military and Naval Service, and Defence. 
The fixing of and providing for the Salaries and 


Allowances of Civil and other Officers of the Government 
of Canada. 
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9, Beacons, Buoys, Lighthouses, and Sable Island. 
10. Navigation and Shipping. 


11. Quarantine and the Establishment and Maintenance 
of Marine Hospitals. 


12. Sea Coast and Inland Fisheries. 


13. Ferries between a Province and any British or 
Foreign Country or between Two Provinces. 


14. Currency and Coinage. 


15. Banking, Incorporation of Banks, and the Issue 
of Paper Money. 


16. Savings Banks. 

17. Weights and Measures. 

oe Bills of Exchange and Promissory Notes. 

PO aeencerest 

20. Legal Tender. 

21. Bankruptcy and Insolvency. 

22. Patents of Invention and Discovery. 

23.) ~eopyrights. 

24. Indians, and Lands reserved for the Indians. 

25. Naturalization and Aliens. 

26. Marriage and Divorce. 

27. The Criminal Law, except the Constitution of 
Courts of Criminal Jurisdiction, but including 
the Procedure in Criminal Matters. 


28. The Establishment, Maintenance, and Management 
of Penitentiaries. 


29. Such Classes of Subjects as are expressly excepted 
in the Enumeration of the Classes of Subjects by 
this Act assigned exclusively to the Legislatures 
of the Provinces. 


- 144 - 


And any Matter coming within any of the Classes of 
Subjects enumerated in this Section shall not be deemed to come 
within the Class of Matters of a local or private Nature comprised 
in the Enumeration of the Classes of Subjects by this Act assigned 
exclusively to the Legislatures of the Provinces. 


Exclusive Powers of Provincial Legislatures. 


92. In each Province the Legislature may exclusively 
make Laws in relation to Matters coming within the Classes of 
Subject next herein-after enumerated; that is to say, - 


1. The Amendment from Time to Time, notwithstanding 
anything in this Act, of the Constitution of the 


Province, except as regards the Office of Lietenant 
Governor. 


2. Direct Taxation within the Province in order to the 
raising of a Revenue for Provincial Purposes. 


3. The borrowing of Money on the sole Credit of the 
Province. 


4, The Establishment and Tenure of Provincial Offices 
and the Appointment and Payment of Provincial 
Officers. 


5. The Management and Sale of the Public Lands 
belonging to the Province and of the Timber and 
Wood thereon. 


6. The Establishment, Maintenance, and Management of 
Public and Reformatory Prisons in and for the 
Province. 


7. The Establishment, Maintenance, and Management of 
Hospitals, Asylums, Charities, and Eleemosynary 
Institutions in and for the Province, other than 
Marine Hospitals. 


8. Municipal Institutions in the Province. 
9. Shop, Saloon, Tavern, Auctioneer, and other 


Licences in order to the raising of a Revenue for 
Provincial, Local, or Municipal Purposes. 
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10. Local Works and Undertakings other than such as 
are of the following Classes:- 


(a) Lines of Steam or other Ships, Railways, Canals, 
Telegraphs, and other Works and Undertakings 
connecting the Province with any other or others of 
the Provinces, or extending beyond the limits of 
the Provinces; 


(b) Lines of Steam Ships between the Province and any 
British or Foreign Country; 


(c) Such Works as, although wholly situate within the 
Provinces, are before or after their Execution 
declared by the Parliament of Canada to be for the 
general Advantage of Canada or for the Advantage of 
Two or more of the Provinces. 


11. The Incorporation of Companies with Provincial 
Objects. 


12. The Solemnization of Marriage in the Province. 
13. Property and Civil Rights in the Province. 


14. The Administration of Justice in the Province, 
including the Constitution, Maintenance, and 
Organization of Provincial Courts, both of Civil 
and of Criminal Jurisdiction, and including 
Procedure in Civil Matters in those Courts. 


15. The Imposition of Punishment by Fine, Penalty, or 
Imprisonment for enforcing any Law of the Province 
made in relation to any Matter coming within any 
of the Classes of Subjects enumerated in this 
Section. 


16. Generally all Matters of a merely local or private 
Nature in the Province. 


109. All Lands, Mines, Minerals, and Royalties be- 
longing to the several Provinces of Canada, Nova Scotia, 
and New Brunswick at the Union, and all Sums then 
due or payable for such Lands, Mines, Minerals, or 
Royalties, shall belong to the several Provinces of 
Ontario, Quebec, Nova Scotia, and New Brunswick in 
which the same are situate or arise, subject to any 
Trusts existing in respect thereof, and to any Interest 
other than that of the Province in the same. 
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APPENDIX B: MATHEMATICAL APPENDIX TO CHAPTER’ V 

As noted in the introduction to Chapter V, many of the 
theoretical implications of taxation and environmental controls can, 
because of the complexity of the problems involved, only be derived 
with the use of mathematics. All of these mathematical derivations 
are set forth below in this and the following two appendices. Here 
we make no attempt at economic analysis, leaving all interpretation 
for the major body of the text. 

Section 1 sets forth the basic principles of comparative 
statics and section 2 concerns the formal model of the firm. 
Appendices C and D derive the implications of changing the rates 


of taxation and environmental controls respectively. 


Bel. = COMPARATIVE STATICS 
In doing comparative statics the theorist generally sets up 
a system of equations that specifies an equilibrium. For example, 


the system might be 


08 (x, > Xo» Ma has cI 23 3 ah Ie Oo» Le UE a) = 0 
£2 
(x)> Xo2 Xgo + + 25% 5 ys As + es a) = 0 
f° Comet eee = = 0 
(1) 12 2? 3? Cee n°? eile Oo » epee foes a) bie 
n 


It 
oO 


(x5 Xo Xgo + + + KF Ay sGos 2 6 os a) 
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where the x,'S are the variables endogenously determined by the 


system of equations and the a,'s are parametrically determined 


j 
outside of the system. Theoretically, since the number of 
equations equals the number of unknowns, we can solve (1) for each 


Xs in terms of the a,'s to get the unique solutions 


j 


(2) ee (a, Gos Gas ss oy a) (ites lee 20 eer. ety) 


Equations (2) simply specify the values taken by each Xs fOr 
specific values of the parameters, (a> + - +> a). 


The objective of Dee ah eat is to obtain cesyies ; 
that. is, Ehe rate at We ee eee changes the k-th 
variable when all or some specified subset of the x's are allowed 
to vary optimally. Optimal variation means that equations (1) 
are satisfied both before and after the parametric change in a 5 
Normally, in fact almost always, one would allow only one of the 
parameters to change at a time. If two or more parameters changed 
at the same time, one could generally not isolate the effect of 
either parameter from the effect of the other. 

Economists usually assume (as is done in Chapters V-VII) that 
the system of Seuss such as (1), specifies the equilibrium 
condition for either a maximization or minimization problem. In 
addition, economists often assume simply that the systems of 
equations are dynamically stable. That is, if the system is 
disturbed the variables return to these equilibrium values. This 
assumption places restrictions upon the system that aid in 


determining the sign of the derivatives after a parametric change. 
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Since maximization is assumed here, that aspect will be stressed. 


If equations (1) result from maximization, then the n x m 


matrix 
| 
bi : Bp or 
[f; (%)> Xo, - + es un np ea ecnaroerira Gm Gh Mp eka rink ys otek 1 s5y) 
is associated with a negative definite quadratic form, where 


Ce 0) is aft /ax, . That. ise the: principal’ minors or the 


determinant associated with (e3) alternate in sign beginning with 


1 1 1 1 
£ 5 £ re ae 
1 Ph 3 fn 
2 2 2 2 
£ £ es ° e 
i 2 f3 fo 
3 3 3 3 
£ £ f seni 
1 2 3 Eo 
(3) (-1)" > 0 
fo £0 f set E 
1 2 3 aa 


Thus if n is even, the determinant if positive; if odd, 
negative. All (n-1) x (n-1) principal minors are of opposite 
Sign. For example if n is even, the determinant obtained by 
eliminating the j-th row and i-th column is negative. All (n-2)x(n-2)} 


principal minors revert to the ysign of) the determinant 11s ond 


i 


so forth, down to a: 0 for all i's. The assumption of maximization, 
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and thus the negative definiteness of the matrix of derivatives 
(or minimization and the assumption of positive definiteness) 
enables one to sign many of the derivatives obtained with 
comparative statics. This result holds precisely only for 
unconstrained maximization. The rules concerning constrained 
maximization will be reviewed later. 

After setting up the equilibrium system the next step is to 
allow one of the parameters to change and force equilibrium both 
before and after the change, while permitting variation in all of 
the endogenous variables. To this end assume that a changes 


parametrically. Take the total differential of system (1) to 


obtain 
n 
, tl ax, = - £1 do, 
j=1 j J k 
n 
2 2 
fo feidx = =f d 
j=1 ited ek 
(4) ‘ 
n 
z f° dx = - £* da, 
Re eons 
n 
z f. dx. — £) dete 
ro Oy 


a oa 


a ae 
ax, ouecndes 
(3) das7\ arg ricaod a Oniat eArkct= aot) 


where F is the determinant in (3) associated with the negative 


definite quadratic form and ete is the cofactor of the i-th row 


and j-th column of F. Obviously nothing can be said a priori 
about the sign of (5). Assume however that Cy enters only into the 
k-th equation and that we are interested in the sign of dx, /da, - 


The solution is 


Since Fi is an (n-1) x (n-1) principal minor of F and we essume 
maximization, Fix is of opposite sign from F. Since FLy/F must 
be negative the sign of dy /da, depends upon what we assume or 


know about the sign of f Other types of equations and systems 


a 


of equations will be used in this appendix, but the methodology 


will always be similar to that described here. 


B.2. - MATHEMATICAL MODEL OF THE FIRM 
Each mineral extracting firm attempts to maximize the present 


value of its stream of profits, written as 


= sh Lec2 Lea Haat 
(6) PV t= T) + G1 + Gi TW fh Se +G TH 
H 
1 .t 
UPA Spee sue 


Lu 


where TT, is the expected profit in the i-th period, r is the rate 
of interest, and period H is the last period in the firm's time 
horizon. The interest rate is assumed to remain constant and the 
rate of profit in one period is independent of the rate in any 
other period. The firm's production function in its most general 


form is stated as 


(7) q= f(x), Koo + + +9 x) 


where q is the quantity of physical output and the x,'S are the 
quantities of physical inputs per unit of time. The dq/ax, = £5 
are all positve and diminish in all directions over the relevant 
range. 

Under these assumptions the present value of the firm can be 


written as 


n 


» x > © @ ey X. )-=ZP 
lt 2t Het i ) 


H 
7 ne 
(8) PV = Ze Gyeed abye a 6 


ie 


it*it?> 


where P, is commodity price in the t-th period, Ps and x., are 


tc & ah 
the usage price and the quantity used of the i-th input during the 


t-th period. Maximization requires that for every period 


9 sales " a 
(9) re) Ose 2) Oa C ieee lt) oe veneer ) 


which implies that Pit, = i.e., the value of each factors' 


Pit’ 
marginal product equals its price in every period. 
For simplicity and analytical convenience let us take land, 


management, and ingredient inputs as given and assume that there 


=2 pore a 


are only two factors of production necessary to produce output; 
call these labor (L) and capital (K). In this case, equation (9), 


the equilibrium conditions are 


(10) 


for every t, where fo = 0q/dL, and f = 3q/aK, - W, is the wage 


K 1s 
rate, and d is the we Ore capiea. see resiee ens Second order 
conditions require that the matrix [F] , where Ch CTE | Fee 
associated with a negative definite quadratic form for each time 
period. 


From equation (10) the firm's demand for labor and capital 


can be expressed as functions of the parameters of the system. 


(11) L. = LW, Pie r, d) 
K = 
¢ KW, B. a23 a) 
Furthermore, 


(ie) ae q, (We Pr» uv, d). 

One can displace equations (10) and show that the rates of change 
of labor and capital with respect to their own prices, W, and 
(r+d) are negative. The signs of the other derivatives are 


indeterminate without additional assumptions. 
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FOOTNOTE TO APPENDIX B 


1. For a more thorough exposition of the methodology of 
comparative statics see P.A. Samuelson, Foundations of Economic 


Analysis, Atheneum, New York, 1965, especially Chapters II and III. 
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APPENDIX C: MATHEMATICAL APPENDIX TO CHAPTER VI 


A profits. and a mining tax of ae and Pr repectively, would 


leave the firm a net profit in any time period of 


(13) es CIS SE Hs 


where nm is total profit, p is the percentage of profit derived 
from mineral extraction, and Th is the mining tax rate. Profit 


maximization requires 


OT 


ris (1 - ss G 3 pT) ari 0 
(14) 

om ¥ a sO 

aK (1 ane eT) aK 0 


Since TO and ae are between zero and one, the solution requires 

an/o9L = Q and d7/daK = 0 , the same solution as the conditions when 
at_any level of taxation 

the tax rates are zero. Bhere tore) ak mecname@e sais 

under the tax so long as the firm remains in business. 

If the mining or the corporate income tax rate is increased, 
the effect upon tax revenues of the government is three-fold. If 
T is the average rate of taxation (0%< Tier) ay is the average 
rate of profit. in the industry,. and N the number) of (firms in the 


industry, the total revenue from a tax is 


A change in the rate of taxation changes revenue in the following 


—-U5oe= 


way 


Tox —, d 
(15) aR _ y, 22 dN he 


The first term of (15) is the additional amount of taxes if the 
total level of industry profits remained the same after the 


: ar 
average tax rate rises. If taxes go up EO Spy Graton a example, GF = -)) 


and initial industry profits are $100 million, Nn & = $100 million 


x .1 = $10 million. The second term of (15) mS is the effect 


the fall in the number of firms caused by the tax increase has on 
and if some alternative costs are taxed,, 


tax collection. Clearly if the tax rate rises,¥marginal firms 


will leave the industry and & < G0 The third term of C18), 


Ty @ is the effect that the tax rate increase has on the profit 
rate of the average firm. a) will be negative and its absolute 
value will be larger the smaller the control the firm and industry 
exercise over price. For an industry engaged in international 
sales such as the Ontario mining industry we would eee the 
absolute value of oe and to be large relative to an industry 
that sells its product on the domestic market. Therefore the 
effect of taxes on the employment, investment and output decisions 
of the mining industry would be expected to be larger than .o7 
industries that largely sell in the domestic market. 

Needless to say, it is certainly conceivable that the second 
two terms, both of which are negative, could overwhelm the first 
term, which of course is positive. The actual impact upon tax 


revenues is therefore an empirical question. One would have to 


oe) Ome 


investigate the profit situation in specific industries to 
forecast the effect of tax changes in particular cases. This is 


about as far as it is possible to go mathematically in this area. 
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APPENDIX D: MATHEMATICAL APPENDIX TO CHAPTER VII 
Impose on the firm set forth in B.2. a pollution function. 
Let the amount of pollution released in any one period, written 


as Ny» depend upon output, Gye in the following way: 


(16) “oT, = b(@,) 
an, 
(27) dq, > 0 


Let labor and capital be used in two ways. rg and ia are used to 


produce output Gp, so that qa, = 8 Gy Bey he and Ky are used to 


reduce pollution in the t-th period. The "production function" for 


for pollution reduction is 


i Re 8 
(18) urs cat $(L, > K.)> 
where 
an an 
(19) —t<oand—j <0. 
ae oK 
ic t 


If the government forbids the firm to emit more than n, into the 


environment during the t-th period the firm's constraint is 


1 


= 0 ,0 1 
(20) Nos h[f(L_» K tb K,) = 0 


1-46 @ 


we assume that the restriction is severe enough that the firm 
would pollute more than ne if it were free to do so. We also 
assume that the profit maximizing assumption limits the Lixm (co 


meeting the constraint by reducing pollution no more than that 
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constraint requires. Thus, the equality sign holds, Le idle sF it 
ik ray Ke 
an — + ss 
t *t c 


The firm maximizes its present value, written as 
PV = ; Gto'rfay, KD) = Whe (rt+d)K, + 
(21) t=0 

(ni, - hit (Les oo) - oly. KD, 
where .A is the Lagrangian multiplier. In this case A= an,/an. - 
That is, A. represents the rate in which an increase in the constraint, 
the amount of pollution permitted during any one period, would change 
the profits earned during that period. It is logical that a reduction 
in the constraint (an increase in severity) would lower profits and 
an increase in the amount of pollution allowed would increase profits. 
This A. =. Os 


The firm has four choice variables during any one period of time: 
0 if 0 1 
t’ er Ker Bee 


for every period t 


The maximization of present value requires that 


= 1 1 
a) ee UG. o(L> K.) = 0 
b) Pifjo - Ah“(a)£,9 - wy, = 0 
t t 
c) -o4 -w = 0 
(22) Le t 
d) Pi fg - Ah“(q)£y9 - (rH) = 0 
ie t 
= 0 


e) ~ Ada — (rtd) 
ie 
and that the matrix [D]) be associated with a negative definite 


quadratic from (the principal minors alternate in sign) for each 


period where 


= Lao 


0 “hE 4, “hf “ty, 
ait (et  aiaiaip - anf 0 ES a aa aa ay oy 0 
tapas bala 0 ea 0 -AGL4K 
ter 
“hf | [PAN DE = a aan 0 [PANDEY aa “E 0 
Ky i Ug eaiate : “SRK, 


The implications of equations (22) are discussed in Chapter 
VII. We dropped the t-notation for expository convenience. 
To analyse the effect of changes in n, the pollution restraint, 


displace equation (22), assuming dn #0 , to obtain 


di -dn 
dL) 0 
(23) [D] dL, = . 
dk, . 
dk, 0 


In our interpretation of the results we will use the following 


2 O08— 


of labour and capital 
notation: = and ft. are the marginal products\ while $, and 
1 


Ly 0 


re, are the marginal productivities of labor and capital in 
reducing pollution. The change in the marginal product of one 
input from a change in the usage of the other input in production 


and in pollution reduction are ele = “LK, and ¢, = by ae 
en sagt 
The rate at which output changes pollution is h’ and the change 
in the rate of change is h” . We assume obviously that h*>0O. 
We also assume that the rate at which output causes pollution is 
either constant or changes with output. However, in practice 
technological factors may often lead to a rate decreasing dis- 
continuously with increasing output. We also assume that an 


increase in the usage of one input increases the marginal 


productiveity of the other; that is 


f > 0 and 6 Aa. 
(24) Kolko KL, 


We further assume that all inputs are subject to diminishing 
marginal productivity. That is, as the usage of an input increases, 


its marginal product decreases: thus 


(25) f <0. 45 0 


2 0.1¢ SON aor: 
she Koko Saal Lb) 


Recall that since Ly and Ky reduce pollution the marginal products, 
$7 and oy are negative. Therefore,adecrease in productivity 
1 
in reducing pollution means ¢ =i >0O . Finally, assume 
nites poses : ’ 


as is generally done in most models of the firm, that the production 


functions for output and pollution reduction are strictly concave. 


a 


All this means in the two-input case is that the inputs are 
subject to a diminishing marginal rate of technical substitution. 
This means that, while maintaining a constant level of output, if 
one input is decreased and the other increased, the marginal 
product of the increased input falls relative to the marginal 
product of the input that is decreased. In other words, with a 


constant output 
(26) Soe ad 


Strict concavity of the production functions imply that 


2 
(£ £ -~¢ 4% 
Lota Kok&y boko 


{27) 
2 
($ Or = 6 jeer 0. 
SS inant a 


Any production function that is strictly concave is also. strictly 


quasiconcave, which implies that 


(28) (pele ew aE eh AE Le 


The assumptions shown in equations (27) and (28) are used below to 
determine the effect of changes in some of the parameters. In these 


solutions we will use the following notation. 
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The inequalities follow from the assumption of strict concavity. 


Solving equation (23) by Cramer's rule yields 


dbo 2a" h- 
(30) Se (Fee Ana) Ac iD fen) > % 
di 0 “oro Ome 0 
and 
dK Dk a : 
“Hh 2 . } > 0. 
(a1) 0 eC kia) (ee ee an 
ae D Lo Koko Ko 00 


Equations (30) and (31) are both positive for the following reasons. 
The second order conditions for profit maximization, set forth 
above, require that the determinant D be positive. H* is positive 
because of the "typical" condition that the production function 

(in this case the production of pollution reduction) be strictly 
concave. As noted above (P- Ah‘) , the full price of a unit of 
output, is positive, and, because pollution increases with incressed 
output, h’ is positive. The marginal products’ ot labor and caprcal, 


f. and fs , are positive. By assumption, probably realistically, 
0 0 


an increase in the usage of one input increases the marginal 


PFOdUCE.OL. thesother- enaters et and ft. 


L are poSitive. The 


0 oMo 
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assumption of diminishing marginal products of labor and capital 


means f and f are negative. Thus - f £ , =< i > 
Loko boro yen tut peeoto 


a Bret: and ae aL are all positive. 

Therefore dL/dn and dK, /dn are unambiguously positive because 
every term on the right-hand sides of (30) and (31) is positive. 
This result indicates that theoretically the labor and capital used 
to produce output are increaseq when an increase in the amount of 
pollution allowed in a period is enacted. Productive labor and 
capital are reduced when the pollution restriction is tightened. 
This result is as expected but it could not be proven without the 
use of mathematics. 

Since labor and capital employed both increase (decrease) from 
an increase (decrease) in the permissible pollution, output always 
varies directly with the amount of pollution allowed. Again this 
result was expected but was certainly not transparent when the 
model was first set up. 

However, while the effect of changes in Hh upon output and 
productive labor and capital can be unambiguously determined, the 
effect of changes in the pollution restriction upon the resources 
used in pollution reduction, Ly and Kae and therefore upon total 
resource usage are in some cases not transparent. 

Solving equation (23) by Cramer's rule for aL, /dn and ak, /an 


yields 


ee! 
ne eee a) gen (2 hier. + Xh--(B Ah“). Fl 
oe ie td ee eT 
dn D 


- 164 - 


and 


. 2 & 
A(o d —¢ > Jel (2 ea Aha): Fo teh (Pe ah:) FI 
Se eT : 
(33) fee D 
dn 


The first terms in equations (32) and (33) are unambiguously 


i 1 


negative. Diminishing marginal productivity implies that OL. 
cen 
and ¢, , are positve; if the usage of one input increases the 
Leek 


negative. Since K, and L, reduce pollution, $, and oy are both 
i 1 


marginal product of the other, ¢y 7 sel MES are negative. (Recall 
11 


that since Li and Ky reduce pollution the marginal products, ¢ 


Se Sega s negative. Therefore, an increase in productivity in 


oy 


reducing pollution means ¢ zie <0) ak Thust(eeaed _ $9 ) 
iS SS K, EG TO hh 


and ($7 eK 7 dy oy x? are negative. As noted above A and D 

Wawel ak xi eab 
are positive. Thus the first term is negative. The sign of (32) 
and (33) therefore depends upon the sign of the second term. 

F* (P = }h°)s “is positive because? of thetstrmicti concavity,ote 
the production function. Likewise F is also positive because strict 
concavity implies strict quasi-concavity. Thus )Ah*-(P - i\h*) F 
is positive, negative or equal to zero as h'' is positive, negative 
or equal to zero. Now h'' is the rate at which the marginal 
pollution cost, dn/dq , changes with an increase in output. There 
are logical reasons to assume that h'' can take on any one of the 
three signs. 

Obviously, if h*° = 0, the lastetermeine(s2)-and=(33)—1s5 


negative or zero and therefore, either reinforces or has no effect 


cect os sak 


upon the other two terms. Thus, the two derivatives are negative. 
These derivatives then offset to some extent the derivatives in 
(30) and (31), ana One cannot state unambiguously the effect of 
changes in allowable pollution upon total employment (Ly + L) 

or total investment (Ky ote Ky). Pinos 01, cthealase corm 2n. (32) 
and. (33) could more than offset the first two terms, aK, /dn and 
dL, /dn might be negative. In this, possibly unrealistic, case 
(@2)hand (33)_ would reinforce (30) and (31), and the effect of 
changes in } on total employment and investment would be 
unambiguously direct. The implication of these results are 
discussed at length in the text. 

Next assume the same production function as in the above 
model, hes f(L,, Ki), the same return on capital, the same wage 
rate, and a time horizon of H periods. Total pollution is a 
function of the rate of output in each period. We call the new 


total pollution function 
(34) N= H(i, @)> 4, - - -» 4,)- 


For simplicity, we will assume a constant marginal rate of 

pollution at all outputs over all periods. If we did not make 

this assumption the rate of pollution in each period would depend 
upon the level of output in each preceding period. This complication 
would make the problem almost unmanageable mathematically. We 

will make two other simplifying assumptions for mathematical 


simplicity. First the firm expects a constant input and output 


ee Asi eye 


price level over the horizon. Secondly, we assume that the firm 
waits until after its production horizon to clean up any pollution 
and attain the allowed level. In other words the pollution 


prevention function is 


(35) n= Wap Keep 
and 


(36) Vp ae: see 
As above we assume 


(37) Yr 7 O, Vey 7 OF Vy = Vey < 0. 


That is labor and capital have diminishing marginal products and 
the marginal products of each are increased with the usage of the 
other. 

Under the above assumptions, the present value function to 


be maximized is 


He 
PV = 5 ———— ({PE(L , K.) - wh. = (rtd)Ko oe.) 
t get 
t=1 (lin)” ae 


(38) “ 
+ ir[n = h(q,, q9> e 8 ey dy ie va yy> Kap, 


= 6 = 


a 


where ny is the permitted environmental level after production has 


ceased. First order conditions for the maximization of (38) are 


a) nN ah h(qy> qo» . - Le) qy) + Vy? Kev = 0 
b) Pf. -w- Ah’f =e VS Gove tt i, BARE, os 8) 
L. ae 
ec) Pf, - (rH) -— Ant =i Malt =) 1a sey HD 
(39) K. 7 Ke. 
d) ——“— - ay = 0 
ae a 
: -(r+d) ie 
e) ——— - iV 0 
Grea: Qutl 


The second order condition must differ, however, from those 
of the previous model. Before, all periods were independent. 
Now every period and the H+l period are interdependent. Therefore, 
the second order conditions are that the matrix [M] be associated 


with a negative definite quadratic form, where {M) is defined as 


THI T+ T+H T+ ead | Hi 
yy ee Hy ee 0 0 ‘6,6 0 0 0 : 0 hy. 
T4+H. T+ T+H T+ | | ees 
Vote Sean 0 0 ee: 0 0 0 0 Th- 
HyHy AAHy . me | A, 
0 0 3(.UY-d) 5 CCUN—d)2 i a eee 0 0 0 0 3.U- 
H Y A Di: be 
0 0 | mx Ty (uy-a) erat he ee 0 0 0 0 ee 
e r ° e ee e 0 @ 0 ° ° ° 
1 
so) 1 
\O 
4 Tye eC Zz 
a0 0 0 0 ee AS Cuyea)) |) 3G urea) 0 0 yy 
: rake Ade z 
0 0 0 0 sme eT Cmyoay © 8s Cuvaase 0 0 Ty u- 
TT ToT I 
0 0 0 0 vee 0 0 Ait uyeayn non CMa) 
| | aT 1.1 art 
0 0 0 0 ota 0 0 . Weare) é Ty uy=a) tee 
TH, TH Hy A, a ie ce Ee 
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If there are H+l periods and two inputs are used in each period, 

a total of 2(H+1l) variables is even and the determinant associated with 
[M] is necessarily positive from the second order maximization 
conditions. As would be expected, the conditions set forth in 

(39) are quite similar to those in the above model in which 

pollution was constrained in each period. Again A is the change 

in present value with respect to a change in the environmental 


a 


restriction, jn. Since and , the marginal products of 


Le Rel 


of labor and capital in pollution reduction, are assumed negative, 
Mets positive trom (39d)jssand?r(39e),. 
Next let n , the environmental constraint, change while input 


prices remain constant. We displace equations (39) subject to 


dn # 0 to obtain 


dd 
d 

a 
“Ke dn 
qd. 0 

(40) [M] 2 = 

d : 

Ry 

0 
dL 


a Oe 


Note that the first H sub-determinants along the principal 


diagonal of M are 


SRE ede SES TES, 2 
ak 


PRY ee: 
Cah ay Ae 


Cass Meir Cee 
The subscript i designates the i-th period. Recall that the 
assumption of strict concavity requires all F. to be positive. 
Note also that the last determinant along the principal diagonal 


can be written 


Me al eth earel 


oe Lae oe Ruel 


, : ; * 
Strict concavity requiresR > Oalso. 
The system of equations in (40) can easily be solved for the 


change in input usage in any period: 


L Pee ak, | Hs 
(41) —t=h*R Gf. - tL fey ) (BM) eke (re eee 
dn timrect teeitat 45 
dK: 2% 
Eyes eR .\2H+l H _x 
Lee) ME GurRTe Te ete |S aoe JAP=)hh) Tick, (talon eee 
Cee M Lea Ki a pes ae eEe il i : ; 
ift 


The derivatives in (41) and (42) are clearly positive. By 
* * 
assumption R , Fe for all i, and h’) are positive. ~Miis positive 


because of maximization; f i and -f ri are positive 
Ly KL, K, Lb, 


because the marginal products are positive and fiz < 0» £70 ; 


se tap OW FA ea 


Therefore, a relaxation in the end-of-horizon environmental 
restriction (increase in n ) causes an increase in input usage 
in every period. It follows then that output in every period 
must increase also. 


The effect upon the amounts of labor and capital used to 


reduce pollution in the H+l period can be easily derived from (40): 


dL H 

oo a - jiperer: 
da eel Reet Sea Se dey * 
d H 

(44) Stl od \oney: 


: WM, v = 9 V 
an erg Wa eel Lot Sela 1-1 2 


By assumption y, and b, are negative. Diminishing marginal product 
requires Yun and beK positive. If an increase in the usage of one 
input increases the productivity of the other Yo = Vag, <0 74s 
Therefore, from (43) and (44)an increase in the amount of pollution 
allowed unambiguously decreases the amount of labor and capital 
used to reduce pollution. The results, of course, are unambiguous 
since we assumed in this model that h'' = 0. Recall that in the 
previous solution for anti-pollution inputs we had no ambiguity 
when h'' was equal to zero. The implications of these results 


are discussed at length in the text. 


oa 


APPENDIX E 


DATA BANK. 


Table E-l: Precious Metal Mining - Ontario: Column 1-year; 
column 2 - ore hoisted in thousands of tons; column 3- 


gross value of production in thousands of current 
dollars; column 4 - gross value of production in 
thousands of 1961 dollars (deflators from column 2, 
table E-4); column 5 - average annual employment= 
man years worked; column 6 - total direct wages and 
salaries paid in thousands of current dollars; 
column 7 - total direct wages and salaries paid in 
thousands of 1961 dollars (deflators from column 2, 
table E-4). All data from Annual Reports, Ministry 
of Natural Resources Ontario, Division of Mines. 


Table E-2: Base Metal Mining - Ontario: Columns and sources as for 


Table E-l. 
Table E-3: Total Metal Mining - Ontario: Columns and sources as 


for Table E=1. 

Table H-4: Column, 1 >: year; column, 2°--[mplicic Price inalceseo. 
Gross National Expenditures: 1900-1925 U.S.A. 
(Canadian figures were not readily available), 1926- 
1972 Canada; column 3 - number of operating precious 
metal mines; column 4 - number of operating base 


metal mines, column 5 - total number of operating metal 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 


Table 
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mines. Figures for columns 3-5 from same sources as 
tables F-1 to E-3 (some judgement had to he exercised 
with respect to some mines, whether to classify them 
as operating during the year). 

Canadian Metal Exports; Ores, concentrates and Scrap: 
column heading as shown, figures for 1973, from 
Statistics Canada data. 

Canadian Metal Exports; processed: 1973; Statistics 
Canada data. 

Metallic Minerals and Total Exports: 1973; Statistics 
Canada data. 


Industrial Bond Yield Averages: Ontario composite 


data courtesy McLeod, Young, Weis & CO. , LLOroneco 


Canadian Price Indices: from Ontario Statistical 


Review. 


Provincial Mining Taxes: in current dollars, from 


Mineral Resources Branch data. 

Total Taxable Profit of Ontario Based Metal Mining 
Operations: in current dollars from Mineral Resources 
Branch data. 

Provincial Corporate Income Taxes paid by Ontario 
based Metal Mining Operations: in current dollars; 
Mineral Resources Branch Estimates. 

Capital and Repair Expenditures: current dollars, 


Statistics Canada data. 


= 74a 


Table E-14: Breakdown of Provincial Mineral Industry Revenue: 


in current dollars, from Mineral Resources Branch 
data. 

Table E-15: Variables Used for Regression Analysis of Chapter VIII: 
Column headings as shown; see chapter VOLT for details. 
Derived from data in preceding tables. 

Note: (The assembly of the material in Tables E 1 through 
E 4 was not completed until the work for Chapter VIII 
was completed. Smelting and refining was deducted from 
capital and repair expenditures data but both they and 
the output data still include some non-metal mining. 
As however even the newer series E 1 through E 4 are still 
in raw form, it was decided not to re-run the 


regressions of Chapter VIII at this stage.) 
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APPENDIX E - 10 


PROVINCIAL MINING TAXES FOR THE FISCAL YEARS 
1953754870 619/27 730 NCL. 


(in current dollars) 


1953/54 Sip 2a eur 
1954/55 A SOON 2 7 oF 
Eye i Waele tala ron Oh: Seles) 
P9567 57, 8,016,438 7226 
1957/58 9, 6.115,,246:220 
1958759 UP CALS se NS Ue SES 
1959760 U2, 908, 606.09 
1960/61 1, O96 eeu sus 
Ue Gy 62 15,444,438.85 
1962/63 PS 7 222,295 20 
1963/64 P, 362,296.06 
1964/65 14,386,839 .40 
1965/66 14,889,068. 38 
1966/67 10,6407 29 7592 
1967/68 167205, 637.67 
1968/69 Lo On Dy) Oo cree 
19697770 23,090 nos te G0 
LOTO/72 247 131 (492200 
Ore 3, 922,0 00m oe 
UO 12773 16,344,254. 89 
1973/74 (est.)42,976,288.00 


ee 


APPENDIX E - 11 


TOTAL TAXABLE PROFIT (Ontario) 


FOR YEARS 1954-1972 


TOTAL TAXABLE 


YEAR PROFIT 
1954 Ei) pela, a0 
1955 84 78957,028 
1956 98 0560), 612 
LOSa 9072 42, 290 
LSS8 6910 6G 3.99 
950 141,843,988 
1960 L80 ,.9G0;,2950 
196 174,082,828 
L962 96 (4387113 
1963 109,384,896 
1964 150,095; 367 
1965 136,796), 766 
1966 TDL WSey.22:5 
AbeN Sy] 143,465,644 
1968 £36,503, /35 
1369 Uso, 2524 ae 
19726 168 397 401 
Loa 103720687702 
1972 VEL, Log, 994 


1973 (est.) 365,297,013 


- 194 = 
TABLET Ease 


Provincial Corporate Income Taxes, estimated for Ontario 
Based Corporations Engaged in Mining. 


YEAR TAX 
1944 $ 2,687,150 
1945 2,458,200 
1946 2,161,500 
1947 3,500,000 
1948 4,200,000 
1949 4,200,000 
1950 5,600,000 
1951 7,000,000 
1952 5,300,000 
1953 4,900,000 
1954 4,600,000 
1955 7,000,000 
1956 7,000,900 
1957 8,800,000 
1958 4,400,000 
1959 7,700,000 
1960 7,500,000 
1961 9,900,000 
1962 8,882,000 
1963 9,053,000 
1964 14,201,000 
1965 8,987,000 
1966 71287000 
1967 10,008,000 
1968 13,056,000 
1969 10,215,000 
1970 22,043,000 
1971 10,181,000 


TOF 2 13,500,000 
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